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Abstract Most previous studies reported a close link

between fresh infarcts and post-stroke depression. How-

ever, studies on the relation of depression and silent lacu-

nar infarction (SLI) are limited. This study aims to analyze

the effects of SLI and the vascular risk factors on depres-

sion. A total of 243 patients with SLI were divided into

depression and non-depression groups. The presence and

location of SLI were evaluated with magnetic resonance

imaging. Depression was assessed with the Patient Health

Questionnaire-9 and vascular risks factors were collected.

We used t tests and v2 test to compare the baseline char-

acteristics of the two groups and the multivariate logistic

regression model to identify the risk factors for depression.

Univariate analysis results showed that the proportion of

patients with SLI in basal ganglia was significantly higher

in the depression group (65.0 versus 32.8 %; P \ 0.001)

than in the non-depression group, and multiple prevalent

factors had significant differences between the two groups.

However, on multivariate logistic analysis, some of these

factors were eliminated, and SLI in basal ganglia remained

an independent predictor of depression with an odds ratio

of 3.128 (P = 0.018). In addition, vascular risk factors,

including high body mass index level, presence of

inflammation markers (e.g., CRP, TNF-a, Hs-CRP, and IL-

6), and lack of physical activity, were associated with

depression. Our findings suggest that SLI in basal ganglia

is associated with a higher risk of depression. Vascular risk

factors, which are intertwined, may propose the patholog-

ical basis of depression in SLI.

Keywords Silent lacunar infarction � Depression �
Vascular risk factors � Body mass index � Inflammation �
Physical activity

Introduction

Silent lacunar infarction (SLI) has commonly been regar-

ded as a benign subtype of stroke, associated with rela-

tively mild disability. Most previous studies reported a

close link between fresh infarcts and post-stroke depression

(PSD). PSD is defined as ‘depression occurring in the

context of a clinically apparent stroke, which is opposed to

silent cerebral vascular disease which belongs to vascular

depression [1]. Vascular depression was originally

hypothesized to be chronic and persisting. Compared to

vascular depression, the course of PSD seems even more

complex and dependent on timing of onset [2]. The role of

vascular risk factors in the etiology of PSD and vascular

depression is less obvious than it appears. As we known,

hypertension, atrial fibrillation, smoking, diabetes, and

cardiovascular disease are premorbid vascular risk factors

with clear longitudinal association with cerebrovascular

disease, however, previous study found strong positive

association between vascular burden and frequency of

depression among patients without stroke, but not among

patients with stroke [3]. These different findings in the

etiologies of PSD and vascular depression may suggest an

independent etiologic process for each depressive

syndrome.

Limited information is available on the detailed out-

come of depression in SLI [4]. Recent study postulated that
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progressive accumulation of microvascular lesions may

promote depression [5]. The presence of lacunar infarction

(LI) in subcortical regions, namely in the thalamus, basal

ganglia, and deep white matter has been shown to promote

depression [6]. Another study only found an association of

LI in deep white matter with depressive symptoms [7].

Differences in inclusion criteria, diagnostic protocols of LI,

and assessment of depression may contribute to such dif-

ferent viewpoints in the above studies. However, it remains

unclear whether SLI can cause depression through these

locations. Recent study has also suggested that chronic

vascular burden may contribute significantly to the patho-

genesis of depression [8]. The prevalence of vascular risk

factors has been empirically linked with the onset and

severity of depression in both cross-sectional and longitu-

dinal studies [9]. Conditions such as hypertension [10],

diabetes [11], obesity [12, 13], inflammation [14], extent of

physical activity [15], and serum lipid profile [16] had been

associated with depression in the general population.

However, only few previous studies have examined the

influence of these risk factors on depression in a population

of patients diagnosed with SLI. In the present study, we

performed a cross-sectional study focusing on the location

of SLI and the related risk factors to explore the relation-

ship between SLI and depression.

Materials and methods

Participants

A cross-sectional study was performed on the patients

attending to the Department of Neurology in 10th Peo-

ple’s Hospital at Shanghai from September 2012 to

November 2013, mainly with non-specific symptoms

such as headache, dizziness, vertigo and limb numbness,

simultaneously without any localized neurological signs.

The study has been approved by the institutional review

boards and all participants have provided written consent

for participation. A total of 272 participants diagnosed

with SLI through magnetic resonance imaging (MRI)

were consecutively recruited in our study and attributed

to depression and non-depression groups, respectively.

The number of focal lesions of SLI should be between

three and five in each location. Patients with histories of

stroke, vascular dementia, heart failure with a New York

Heart Association degree 3 or 4, myocardial infarction,

atrial fibrillation, rheumatic valvular heart disease,

arteritis during this study were excluded. Patients with

any Grade of leukoaraiosis according to Fazekas’ scale

and fresh infarction identified through MRI were also

excluded.

Measurement

All images were analyzed by two experienced radiologists

blinded to the clinical data. SLI was defined as focal

lesions ranging from 3 to 15 mm in diameter, with hy-

pointensity on T1-weighted images, hyperintensity on T2-

weighted images. At the time, the location of the SLI was

recorded as thalamus, basal ganglia, deep white matter, or

brain stem.

Age, gender, education (less than high school/high

school or college/graduate degree), smoking habits

(smoking or non-smoking), alcohol intake (yes or no),

history of diabetes mellitus, and coronary heart disease

were recorded for each subject during enrolment. Systolic

and diastolic blood pressures (mmHg) were recorded

according to the average levels in the last 3 months by

questionnaire. Each participant’s height and weight were

measured without shoes and heavy clothing. The body

mass index (BMI) was calculated as the ratio of weight in

kilograms to the height in square meters (kg/m2). The

participants were grouped into three categories according

to their BMI value. Based on WHO recommended BMI

cutoffs for Asian populations [17], the participants were

considered as underweight to normal for BMI values

\23 kg/m2, overweight for BMI values C23.0–27.5 kg/

m2, and obese for BMI values C27.5 kg/m2. Waist and hip

circumference was measured and waist–hip ratio (WHR)

was calculated. Physical activity was determined by the

question: ‘‘How much exercise you did in the last

6 months, i.e., have you exercised for 15–20 min of brisk

walking, swimming, general conditioning, or recreational

sports?’’ Possible answers included not at all active, a little

active (1–2 times/month), fairly active (3–4 times/month),

quite active (1–2 times/week), very active (3–4 times/

week), or extremely active (C5 times/week). The partici-

pants were grouped into three categories according to the

activity level: inactive, light or moderately active, and

vigorously active.

The fasting blood samples from the participants were

obtained at around 7:00 am and were analyzed at the

clinical laboratory department of the Shanghai 10th Peo-

ple’s Hospital of Tongji University. The blood samples

were assessed for the following markers of inflammation:

C-reactive protein (CRP), high-sensitivity C-reactive pro-

tein (hs-CRP), interleukin-6 (IL-6), and tumor necrosis

factor alpha (TNF-a). Additionally, insulin, total choles-

terol, triglycerides, high-density lipoprotein cholesterol

(HDL-C), and low-density lipoprotein cholesterol (LDL-C)

were also measured.

In the present study, diagnosis of depression in all

patients was established during a face-to-face interview

mainly held by Dr. Ri-Han Wu and Dr. Qiang Li, two of

the physician in our department of neurology. Depression
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was assessed with the Patient Health Questionnaire (PHQ)-

9 [18], a 9-item scale that assesses the presence of 9 DSM-

IV symptoms for major depressive disorder. Responses

were scored on a 4-point scale from 0 to 3, indicating that

the participant experienced the symptom ‘‘not at all’’ ‘‘on

several days’’ ‘‘on more than half the days’’ or ‘‘nearly

every day’’ with higher scores indicating more severe

symptoms. Scores on this scale were categorized as none to

minimal (PHQ score 0–3), mild to moderate (PHQ score

4–9), or severe (PHQ score C10) [18]. Participants with the

PHQ scores C4 were attributed to depression group and the

PHQ scores 0–3 were attributed to non-depression group.

Data analysis

All the data were analyzed with SPSS (version 18.0, SPSS,

Inc., Chicago, Ill., USA). Baseline characteristics of the

patients are shown in Table 1. Continuous variables were

assessed as mean ± SD and categorical variables were

assessed as counts in percentage. To compare the baseline

characteristics, continuous variables were analyzed using

t tests and categorical variables were analyzed using v2

test. Only the variables with P \ 0.05 were included in the

multivariate logistic regression model. Odds ratio (OR) and

95 % confidence intervals (CIs) were obtained in models

that adjusted for potential confounders. Consistency tests

about the radiological diagnosis between two radiologists

were performed by calculating intra-class correlation

coefficient (ICC). Consistency tests about the PHQ scale

between two physicians were performed by Kappa test.

P \ 0.05 was considered to be statistically significant

difference.

Results

A total of 243 participants met the entry criteria and

formed the study sample. The Kappa value was 0.923,

indicating significant consistency between two physicians

about the diagnosis of depression. The ICC value for dif-

ferent locations of SLI namely thalamus, basal ganglia,

deep white matter, brain stem was 0.972, 0.946, 0.962 and

0.953, respectively, indicating significant consistency

between two radiologists about the radiological diagnosis.

The baseline characteristics of the total sample are shown

in Table 1. Sixty (24.7 %) of the 243 participants were

classified as depressed. Women and those with high school

or less than high school education showed more symptoms

of depression. Both overweight and obese patients and

physically inactive participants displayed more symptoms

of depression. Those with high levels of inflammation

markers including CRP, hs-CRP, IL-6, and TNF-a also

showed depressive symptoms. The proportion of the

patients with SLI in basal ganglia was significantly higher

in the depression group compared with the non-depression

group. No significant statistical differences were noticed

within WHR, blood pressure, blood lipid levels, coronary

artery disease, diabetes, fasting insulin, or other locations

of SLI between the depression and non-depression groups.

The following variables were entered into the multi-

variate logistic model: gender, education, physical activity,

BMI, inflammation markers, and SLI in basal ganglia. The

results of multivariate logistic regression were shown in

Fig. 1 according to the adjusted OR value of each variables

which were statistically significant. SLI in basal ganglia

was a significant independent imaging predictor of

depression with an OR of 3.12 (95 % CI: 1.221–8.015).

Compared with complete lack of physical activity, mild to

moderate (OR: 0.21; 95 % CI: 0.05–0.82), and vigorous

physically active (OR: 0.28; 95 % CI: 0.10–0.80) group

showed strong association with depression. Compared with

normal weight, overweight (OR: 3.56; 95 % CI:

1.27–9.94), and obese (OR: 8.94; 95 % CI: 2.41–33.17)

population displayed more depression. Additionally, all

inflammation markers were significantly associated with

depression. Those with high levels of CRP (OR: 4.63;

95 % CI: 1.85–11.61), TNF-a (OR: 4.59; 95 % CI:

1.91–11.06), IL-6 (OR: 3.38; 95 % CI: 1.29–8.90), and hs-

CRP (OR: 1.5; 95 % CI: 0.58–3.85) exhibited more

depressive symptoms compared with those of normal lev-

els. However, gender, and education were no longer asso-

ciated with depression.

Discussion

In our study of 243 patients, 24.7 % of the participants

were classified as depressed. After considering a set of

possible confounding factors, we found multiple prevalent

factors that affected depression. In particular, SLI in basal

ganglia and vascular risk factors including higher BMI

levels, and inflammation markers, CRP, TNF-a, hs-CRP,

and IL-6 can increase the risk for depression. Physical

activity on the other hand can protect against depression.

Despite the fact that LI is found in 10–30 % of elderly

individuals with 6 % of newly affected cases annually, they

are thought to be clinically silent in the majority of elderly

cases [19]. Majority of the previous neuroimaging studies

have reported a close link between small subcortical fresh

infarcts and PSD; however, only limited studies have

examined the effect of SLI in depression-related disorders

[6]. The main biological mechanism of PSD is the ischemic

lesion interrupted the neural fiber projections ascending

from the midbrain to the brainstem, which leaded to a

decreased bioavailability of biogenic amines, namely

serotonin (5HT), dopamine (DA), norepinephrine (NE) and
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acetylcholine [20]. In case of SLIs, the damage to small

vessels supplying subcortical pathways disrupts the neu-

rotransmitter circuitry that is involved in mood regulation

in a chronic pattern. When the accumulation of the infarcts

exceeds a certain threshold, patient could become more

vulnerable to developing depression. Some putative

mechanisms suggest that lesions at various sites may result

in depression through direct disruption of the cortico-

striato-pallido-thalamo-cortical (CSPTC) circuits or their

modulating systems [21]. Our findings indicate that SLI in

basal ganglia can increase the risk of depression, which is

partly consistent with the results of the previous study [6].

Given that basal ganglia consist of many central gray

matter nuclei, cortico-basal ganglia circuitry dysfunction

may play a role in the neurobiology of depression. Cortico-

basal ganglia circuitry consists of segregated functional

subcircuits and their fibers project from specific functional

regions of the cortex to specific nuclei in the basal ganglia

[22]. These fibers include monoamine and glutamatergic

fibers, which are involved in the mood disorder.

Table 1 Baseline descriptive

statistics for all subjects and by

depression status

The P values \0.05 are in bold
a M(SD), mean (standard

deviation)

Non-depression (n = 183) Depression (n = 60) P value

Age (years) 67.16 (9.09) 66.45 (9.95) 0.203

Gender 0.013

Men 81 (44.3 %) 15 (25.0 %)

Women 102 (55.7 %) 45 (75.0 %)

Smoker 42 (23.0 %) 9 (15.0 %) 0.259

Alcohol consumption 21 (11.5 %) 6 (10.0 %) 0.752

Education 0.044

Less than high school/high school 152 (83.6 %) 58 (95.0 %)

College and graduate degree 30 (16.4 %) 3 (5.0 %)

Physical activity <0.001

None 51 (27.9 %) 33 (55.0 %)

Mild to moderate 60 (32.8 %) 9 (15.0 %)

Vigorous 72 (39.3 %) 18 (30.0 %)

BMI (kg/m2) <0.001

\23 97 (53.0 %) 15 (25.0 %)

23–27.5 63 (34.4 %) 27 (45.0 %)

[27.5 24 (13.1 %) 18 (30.0 %)

WHR [M(SD)]a 0.98 (0.08) 0.96 (0.08) 0.089

Systolic BP (mmHg) [M(SD)] 137.05 (15.43) 135.10 (15.90) 0.400

Diastolic BP (mmHg) [M(SD)] 77.43 (9.91) 75.25 (7.00) 0.135

Coronary artery disease 39 (21.3 %) 15 (25.0 %) 0.551

Diabetes 50 (27.9 %) 18 (30.0 %) 0.751

Fasting insulin (mIU/L) [M(SD)] 13.00 (20.93) 11.34 (10.04) 0.554

Blood lipid (mg/dl) [M(SD)]

Total cholesterol 4.88 (1.13) 5.14 (1.09) 0.120

Triglycerides 1.43 (0.67) 1.49 (0.79) 0.549

HDL-C 1.25 (0.42) 1.35 (0.39) 0.105

LDL-C 2.97 (0.94) 3.12 (0.96) 0.287

Inflammation markers [M(SD)]

CRP (mg/L) 7.14 (2.34) 8.80 (2.19) <0.001

Hs-CRP (mg/L) 2.14 (2.76) 3.53 (3.41) 0.005

IL-6 (pg/ml) 3.28 (1.80) 4.22 (2.53) 0.002

TNF-a (pg/ml) 11.54 (4.56) 17.02 (5.37) <0.001

Location of lacunar infarction

Thalamus 50 (27.9 %) 19 (30.0 %) 0.879

Basal ganglia 60 (32.8 %) 39 (65.0 %) <0.001

Deep white matter 68 (37.2 %) 18 (30.0 %) 0.395

Brain stem 53 (29.0 %) 15 (25.0 %) 0.612
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Interruption of the monoamine neurotransmitter fibers

results in the fluctuation of serotonin and norepinephrine

levels in the orbitofrontal pathway and the prefrontal lobe

[21]. In addition, damage in the glutamatergic routes dis-

rupts glutamatergic transmission, which is also associated

with depression [23].

Alexopoulos et al. proposed the theory of ‘‘vascular

depression’’ to suggest that pathologies to the vessels play

a unique role in the onset of depression [21]. He also

proposed a threshold model. In this model, vascular risk

factors may lead to depression only after crossing a certain

threshold. Such relationships could be cumulative follow-

ing linear or curvilinear patterns. The threshold model can

account for multifactorial contributions to depression. In

addition, this model allows for each risk factor alone or in

combination to cross the threshold to induce neural circuit

changes, thereby mediating depression. Thus, the processes

of these pathways could all contribute to depression both

independently and collaboratively [24]. By conducting

univariate analysis, we found that multiple prevalent fac-

tors affected depression in our study. However, on multi-

variable analysis, we found that some of these effects were

eliminated, and other effects remained associated with

depression. This finding indicates that risk factors are

intertwined, thereby promoting the pathological basis of

depression in SLI.

Since, we found vascular risk factors included obesity,

inflammation, and lack of physical activity were associated

with depression, their underlying mechanism may be as

follows. Obesity may induce hypothalamic–pituitary–

adrenalaxis (HPA axis) dysregulation, which is associated

with depression [25, 26]. Abnormalities to the inflamma-

tory system of both depressed and obese people were

observed [14], providing possible biological explanations

for the association between depression and obesity. In our

study, we found that both obesity and inflammation

markers were risk factors for depression. Increase in

physical activity is also linked to the reactivity of the HPA

axis and is associated with lower levels of inflammatory

markers [27]. Our finding suggests that engaging in both

mild to moderate and vigorous physical activity acts as

protective factor in depression, which is in line with

existing research. Inflammation is associated with altered

brain function in areas mediating depression [28]. Our data

on the effect of inflammation markers on depression are

consistent with these findings [29, 30]. Several mechanisms

may explain these relationships. Pro-inflammatory cyto-

kines reduce the availability of serotonin [31]. Further-

more, pro-inflammatory cytokines may lead to a reduced

hippocampal volume [32], which is also seen in depression

[32]. This result may indicate that treatment with the anti-

inflammatory agent may result in a significant decrease in

depressive symptoms [33].

The present study had several limitations. First, our data

were gathered by self-reported questionnaires, which could

have led to bias by patients over or underreporting physical

activity, depression, past history, or educational attainment.

The fact that these individuals have agreed to participate in

a clinical trial may suggest different emotional and

behavioral characteristics, which may impact the general-

izability of our results concerning depression. However,

our prevalence estimates were similar to those previously

reported studies on LI [6]. Second, our cross-sectional

study was restricted to the participants with a baseline

depression score. We did not examine the longitudinal

course of depression over time. Finally, we cannot draw

firm conclusions regarding the direction of causality

between the progression of structural changes and depres-

sive symptoms, because depressive symptoms were only

assessed at the follow-up study.
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Conclusion

In conclusion, our findings suggest that SLI in basal gan-

glia and vascular risk factors including BMI, inflammation

markers, and physical activity is strongly associated with

depression. Furthermore, these risk factors are clearly

intertwined, proposing a pathological basis of depression

following SLI. By demonstrating such mechanisms affect

neural circuit function, this study opens a door for future

research to further examine the mechanisms that can

improve the outcome for depression [24]. It is critical that

patients with SLI are screened early for depression and are

provided with appropriate treatment.

Acknowledgments This work was supported by Grant from the

Backup Doctor Tutor Program of Shanghai Tenth People’s Hospital.

Conflict of interest The authors declare that there is no financial

support or relationship that may pose conflicts of interest and no

potential conflicts of interest were disclosed.

Open Access This article is distributed under the terms of the

Creative Commons Attribution License which permits any use, dis-

tribution, and reproduction in any medium, provided the original

author(s) and the source are credited.

References

1. Whyte EM, Mulsant BH (2002) Post stroke depression: epide-

miology, pathophysiology, and biological treatment. Biol Psy-

chiatry 52(3):253–264 S0006322302014245

2. Newberg AR, Davydow DS, Lee HB (2006) Cerebrovascular

disease basis of depression: post-stroke depression and vascular

depression. Int Rev Psychiatry 18(5):433–441. doi:10.1080/

09540260600935447

3. Mast BT, MacNeill SE, Lichtenberg PA (2004) Post-stroke and

clinically-defined vascular depression in geriatric rehabilitation

patients. Am J Geriatr Psychiatry 12(1):84–92

4. White CL, McClure LA, Wallace PM, Braimah J, Liskay A,

Roldan A, Benavente OR (2011) The correlates and course of

depression in patients with lacunar stroke: results from the sec-

ondary prevention of small subcortical strokes study. Cerebrovasc

Dis 32(4):354–360. doi:10.1159/000330350

5. Brodaty H, Withall A, Altendorf A, Sachdev PS (2007) Rates of

depression at 3 and 15 months poststroke and their relationship

with cognitive decline: the Sydney stroke study. Am J Geriatr

Psychiatry 15(6):477–486. doi:10.1097/JGP.0b013e3180590bca

6. Santos M, Gold G, Kovari E, Herrmann FR, Bozikas VP, Bouras

C, Giannakopoulos P (2009) Differential impact of lacunes and

microvascular lesions on poststroke depression. Stroke

40(11):3557–3562. doi:10.1161/STROKEAHA.109.548545

7. Grool AM, Gerritsen L, Zuithoff NP, Mali WP, van der Graaf Y,

Geerlings MI (2013) Lacunar infarcts in deep white matter are

associated with higher and more fluctuating depressive symptoms

during three years follow-up. Biol Psychiatry 73(2):169–176.

doi:10.1016/j.biopsych.2012.08.024

8. Santos M, Kovari E, Gold G, Bozikas VP, Hof PR, Bouras C,

Giannakopoulos P (2009) The neuroanatomical model of post-

stroke depression: towards a change of focus? J Neurol Sci

283(1–2):158–162. doi:10.1016/j.jns.2009.02.334

9. Carmasin JS, Mast BT, Allaire JC, Whitfield KE (2013) Vascular

risk factors, depression, and cognitive change among African

American older adults. Int J Geriatr Psychiatry. doi:10.1002/gps.

4007

10. Hajjar I, Quach L, Yang F, Chaves PH, Newman AB, Mukamal

K, Longstreth W Jr, Inzitari M, Lipsitz LA (2011) Hypertension,

white matter hyperintensities, and concurrent impairments in

mobility, cognition, and mood: the cardiovascular health study.

Circulation 123(8):858–865. doi:10.1161/CIRCULATIONAHA.

110.978114

11. Anderson RJ, Freedland KE, Clouse RE, Lustman PJ (2001) The

prevalence of comorbid depression in adults with diabetes: a

meta-analysis. Diabetes Care 24(6):1069–1078

12. Luppino FS, de Wit LM, Bouvy PF, Stijnen T, Cuijpers P, Pen-

ninx BW, Zitman FG (2010) Overweight, obesity, and depres-

sion: a systematic review and meta-analysis of longitudinal

studies. Arch Gen Psychiatry 67(3):220–229. doi:10.1001/arch

genpsychiatry.2010.2

13. de Wit L, Luppino F, van Straten A, Penninx B, Zitman F,

Cuijpers P (2010) Depression and obesity: a meta-analysis of

community-based studies. Psychiatry Res 178(2):230–235.

doi:10.1016/j.psychres.2009.04.015

14. de Wit LM, Fokkema M, van Straten A, Lamers F, Cuijpers P,

Penninx BW (2010) Depressive and anxiety disorders and the

association with obesity, physical, and social activities. Depress

Anxiety 27(11):1057–1065. doi:10.1002/da.20738

15. Lee H, Lee JA, Brar JS, Rush EB, Jolley CJ (2013) Physical

activity and depressive symptoms in older adults. Geriatr Nurs.

doi:10.1016/j.gerinurse.2013.09.005

16. Liang Y, Yan Z, Cai C, Jiang H, Song A, Qiu C (2013) Asso-

ciation between lipid profile and depressive symptoms among

Chinese older people: mediation by cardiovascular diseases? Int J

Behav Med. doi:10.1007/s12529-013-9358-2

17. WHO Expert Consultation (2004) Appropriate body-mass index

for Asian populations and its implications for policy and inter-

vention strategies. Lancet 363(9403):157–163. doi:10.1016/

S0140-6736(03)15268-3

18. Kroenke K, Spitzer RL, Williams JB (2001) The PHQ-9: validity

of a brief depression severity measure. J Gen Intern Med

16(9):606–613 jgi01114 [pii]

19. Gouw AA, van der Flier WM, Fazekas F, van Straaten EC,

Pantoni L, Poggesi A, Inzitari D, Erkinjuntti T, Wahlund LO,

Waldemar G, Schmidt R, Scheltens P, Barkhof F (2008) Pro-

gression of white matter hyperintensities and incidence of new

lacunes over a 3-year period: the leukoaraiosis and disability

study. Stroke 39(5):1414–1420. doi:10.1161/STROKEAHA.107.

498535

20. Loubinoux I, Kronenberg G, Endres M, Schumann-Bard P, Freret

T, Filipkowski RK, Kaczmarek L, Popa-Wagner A (2012) Post-

stroke depression: mechanisms, translation and therapy. J Cell

Mol Med 16(9):1961–1969. doi:10.1111/j.1582-4934.2012.

01555.x

21. Alexopoulos GS, Meyers BS, Young RC, Campbell S, Sil-

bersweig D, Charlson M (1997) Vascular depression hypothesis.

Arch Gen Psychiatry 54(10):915–922

22. Marchand WR (2010) Cortico-basal ganglia circuitry: a review of

key research and implications for functional connectivity studies

of mood and anxiety disorders. Brain Struct Funct 215(2):73–96.

doi:10.1007/s00429-010-0280-y

23. Ajilore O, Haroon E, Kumaran S, Darwin C, Binesh N, Mintz J,

Miller J, Thomas MA, Kumar A (2007) Measurement of brain

metabolites in patients with type 2 diabetes and major depres-

sion using proton magnetic resonance spectroscopy. Neuropsy-

chopharmacology 32(6):1224–1231. doi:10.1038/sj.npp.

1301248

1558 Neurol Sci (2014) 35:1553–1559

123

http://dx.doi.org/10.1080/09540260600935447
http://dx.doi.org/10.1080/09540260600935447
http://dx.doi.org/10.1159/000330350
http://dx.doi.org/10.1097/JGP.0b013e3180590bca
http://dx.doi.org/10.1161/STROKEAHA.109.548545
http://dx.doi.org/10.1016/j.biopsych.2012.08.024
http://dx.doi.org/10.1016/j.jns.2009.02.334
http://dx.doi.org/10.1002/gps.4007
http://dx.doi.org/10.1002/gps.4007
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.978114
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.978114
http://dx.doi.org/10.1001/archgenpsychiatry.2010.2
http://dx.doi.org/10.1001/archgenpsychiatry.2010.2
http://dx.doi.org/10.1016/j.psychres.2009.04.015
http://dx.doi.org/10.1002/da.20738
http://dx.doi.org/10.1016/j.gerinurse.2013.09.005
http://dx.doi.org/10.1007/s12529-013-9358-2
http://dx.doi.org/10.1016/S0140-6736(03)15268-3
http://dx.doi.org/10.1016/S0140-6736(03)15268-3
http://dx.doi.org/10.1161/STROKEAHA.107.498535
http://dx.doi.org/10.1161/STROKEAHA.107.498535
http://dx.doi.org/10.1111/j.1582-4934.2012.01555.x
http://dx.doi.org/10.1111/j.1582-4934.2012.01555.x
http://dx.doi.org/10.1007/s00429-010-0280-y
http://dx.doi.org/10.1038/sj.npp.1301248
http://dx.doi.org/10.1038/sj.npp.1301248


24. Taylor WD, Aizenstein HJ, Alexopoulos GS (2013) The vascular

depression hypothesis: mechanisms linking vascular disease with

depression. Mol Psychiatry 18(9):963–974. doi:10.1038/mp.

2013.20

25. Pasquali R, Vicennati V (2000) Activity of the hypothalamic-

pituitary-adrenal axis in different obesity phenotypes. Int J Obes

Relat Metab Disord 24(Suppl 2):S47–S49

26. Walker BR (2001) Activation of the hypothalamic-pituitary-

adrenal axis in obesity: cause or consequence. Growth Horm IGF

Res 11:S91–S95

27. Gay JL, Salinas JJ, Buchner DM, Mirza S, Kohl HW 3rd, Fisher-

Hoch SP, McCormick JB (2013) Meeting physical activity

guidelines is associated with lower allostatic load and inflam-

mation in Mexican Americans. J Immigr Minor Health. doi:10.

1007/s10903-013-9950-1

28. Harrison NA, Brydon L, Walker C, Gray MA, Steptoe A,

Critchley HD (2009) Inflammation causes mood changes through

alterations in subgenual cingulate activity and mesolimbic con-

nectivity. Biol Psychiatry 66(5):407–414. doi:10.1016/j.biopsych.

2009.03.015

29. Vogelzangs N, Duivis HE, Beekman AT, Kluft C, Neuteboom J,

Hoogendijk W, Smit JH, de Jonge P, Penninx BW (2012)

Association of depressive disorders, depression characteristics

and antidepressant medication with inflammation. Transl Psy-

chiatry 2:e79. doi:10.1038/tp.2012.8

30. Krogh J, Benros ME, Jorgensen MB, Vesterager L, Elfving B,

Nordentoft M (2013) The association between depressive symp-

toms, cognitive function, and inflammation in major depression.

Brain Behav Immun. doi:10.1016/j.bbi.2013.08.014

31. Dantzer R, O’Connor JC, Freund GG, Johnson RW, Kelley KW

(2008) From inflammation to sickness and depression: when the

immune system subjugates the brain. Nat Rev Neurosci

9(1):46–57. doi:10.1038/Nrn2297

32. Marsland AL, Gianaros PJ, Abramowitch SM, Manuck SB, Hariri

AR (2008) Interleukin-6 covaries inversely with hippocampal

grey matter volume in middle-aged adults. Biol Psychiatry

64(6):484–490. doi:10.1016/j.biopsych.2008.04.016

33. Raison CL, Rutherford RE, Woolwine BJ, Shuo C, Schettler P,

Drake DF, Haroon E, Miller AH (2013) A randomized controlled

trial of the tumor necrosis factor antagonist infliximab for treat-

ment-resistant depression: the role of baseline inflammatory

biomarkers. JAMA Psychiatry 70(1):31–41. doi:10.1001/2013.

jamapsychiatry.4

Neurol Sci (2014) 35:1553–1559 1559

123

http://dx.doi.org/10.1038/mp.2013.20
http://dx.doi.org/10.1038/mp.2013.20
http://dx.doi.org/10.1007/s10903-013-9950-1
http://dx.doi.org/10.1007/s10903-013-9950-1
http://dx.doi.org/10.1016/j.biopsych.2009.03.015
http://dx.doi.org/10.1016/j.biopsych.2009.03.015
http://dx.doi.org/10.1038/tp.2012.8
http://dx.doi.org/10.1016/j.bbi.2013.08.014
http://dx.doi.org/10.1038/Nrn2297
http://dx.doi.org/10.1016/j.biopsych.2008.04.016
http://dx.doi.org/10.1001/2013.jamapsychiatry.4
http://dx.doi.org/10.1001/2013.jamapsychiatry.4

	Depression in silent lacunar infarction: a cross-sectional study of its association with location of silent lacunar infarction and vascular risk factors
	Abstract
	Introduction
	Materials and methods
	Participants
	Measurement
	Data analysis

	Results
	Discussion
	Conclusion
	Acknowledgments
	References


