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Background: Late-onset depression (LOD) is often difficult to recognize when there is an absence of 
a family history of depression and less severe psychopathology. Increasing evidence has shown that the 
development and course of LOD symptomatology are associated with cerebrovascular comorbidities 
and cerebral microvascular lesions. This study was designed to evaluate the associations of LOD with 
macrovascular and microvascular changes in the brain by using a multi-imaging method, including computed 
tomography angiography (CTA), CT perfusion (CTP), and magnetic resonance imaging (MRI), to explore 
the course and pathomechanism of LOD. 
Methods: A total of 116 participants were divided into two groups. Participants older than 60 years who 
met the diagnostic criteria of depression [International Classification of Diseases (ICD), 10th Edition] were 
enrolled in the LOD group, and the remainder were age- and sex-matched into the control group. The 
cognitive/mood status of all participants was evaluated by an experienced neuropsychologist. Global and 
regional mean cerebral blood flow (CBF) were measured by CT cerebrovascular perfusion imaging; the 
stenosis of the bilateral intracranial large arteries (internal carotid artery, anterior cerebral artery, middle 
cerebral artery, posterior cerebral artery, and vertebral artery) was recorded by CTA; regional white matter 
hyperintensity (WMH) loads were evaluated by fluid-attenuated inversion recovery (FLAIR) MRI; and the 
Hamilton Depression Scale (HAMD) was used to evaluate depression status. 
Results: Our key findings were the following: (I) participants in the LOD group were more prone to 
intracranial arterial stenosis (81.1% vs. 74.6%), had more severe stenotic arteries compared with controls 
(Z=2.024, P<0.05), and significantly more participants with LOD had severe stenosis of the middle cerebral 
artery (MCA) (9.4% vs. 0%, P<0.05); (II) there was a significant difference in hypoperfusion of the frontal and 
parietal lobes superposed on global cerebral hypoperfusion between the two groups (P<0.001); (III) and there 
was a significant difference in high WMH loads in deep white matter (DWM) between the two groups (P<0.05). 
Conclusions: A low global or regional perfusion state, moderate-to-severe stenosis of MCAs, and high 
WMH loads could be used as imaging biomarkers to indicate diffuse or localized cerebral macrovascular and 
microvascular pathology in LOD.
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Introduction

Depression, similar to diabetes and hypertension, is a 
serious but treatable medical condition. Older adults are 
at an increased risk of experiencing depression. Late-
onset depression (LOD) is a subtype of depression that 
often occurs later in life and is characterized by depressive 
symptoms and cerebrovascular disease as diagnosed 
by neuroimaging (1-3). LOD is often more difficult to 
recognize than other subtypes of depression, and it is more 
difficult for patients to accept their condition and receive 
treatment, resulting in poor quality of life, social isolation, 
and physical impairment. These LOD patients usually do 
not have a family history of depression and exhibit less 
severe psychopathology and a limited response to treatment, 
resulting in overall poor outcomes (4). 

LOD often occurs in the context of vascular disease and 
can be defined as depression that occurs after the age of  
60 years, although age of onset and definition of cutoff may 
vary (5). LOD has also been called vascular depression. 
Although they have been considered different diseases, 
some researchers have recently posited that the concept of 
vascular depression should be confined to LOD (6,7), as 
both exhibit the same microvascular lesions, cerebrovascular 
comorbidit ies ,  and white matter hyperintensit ies 
(WMHs) (8,9). Vascular depression may be diagnosed 
by a combination of the following: depressive ideation, 
psychomotor agitation, apathy, executive dysfunction, and 
abnormalities in the white matter as imaged by magnetic 
resonance imaging (MRI) (8). Subcortical ischemic lesions 
and lesion location may play a role in the pathogenesis of 
LOD (10-13), and the most severe lesions tend to be in the 
frontal lobe and basal ganglia regions (14). A recent study on 
MRI-defined vascular depression in community populations 
reported that deep WMHs are a major risk factor for 
developing depressive disorders. Moreover, WMHs are an 
independent predictor of depressive disorders (15). 

Multimodality imaging assessment of mood disorders has 
made a unique contribution to the identification of impaired 
cerebral hemodynamics. Several studies have found that 
depression severity is negatively correlated with decreased 
regional cerebral blood flow (rCBF) (16-18). MRI and 
transcranial doppler ultrasound (TCD) findings suggest 
that small vessels, microvascular lesions, and WMHs 
may affect the neural circuitry of emotional regulation, 
triggering depressive symptoms. These findings corroborate 
those obtained by electrophysiological techniques, namely 
transcranial magnetic stimulation, administered in vascular 
depression (19-21). Another possibility is that chronic 

accumulated microvascular burden may induce vascular 
depression (22,23). 

Challenges remain in the study of the pathophysiology 
of vascular depression and detection of the disease in the 
general population (24). Few studies have investigated the 
relationships between vascular depression, hemodynamics 
(macrovascular), and WMHs (microvascular) to explore 
the course and pathomechanism of vascular depression. 
The purpose of this study was to evaluate the associations 
of LOD with macrovascular and microvascular changes in 
the brain using a combination of computed tomography 
angiography (CTA), CT perfusion (CTP), and MRI. 

Methods 

Study population

In all, 116 participants were recruited from the Department 
of Neurology and Memory Clinic in Shanghai Tongji 
Hospital between December 2015 and December 2017. 
These participants were divided into two groups: individuals 
older than 60 years who met the diagnostic criteria for 
depression according to the International Classification of 
Diseases (ICD, 10th Edition) were enrolled in the LOD 
group (depression group), and the remainder were age- 
and sex-matched as controls (control group). The LOD 
group comprised 53 participants with LOD, 20 males and 
33 females, with an average age of 72.45±9.44 years. The 
control group comprised 63 participants, 29 males and 
34 females, with an average age of 69.08±9.08 years. All 
participants underwent CTA, CTP, and MRI to evaluate 
macrovessels, hemodynamics, and microvessels. All 
participants completed informed consent forms. This study 
was reviewed and approved by the Institutional Review 
Board at Tongji Hospital. 

Participant inclusion criteria included the following: (I) 
the ability to cooperate throughout all examinations without 
being hindered by severe hearing or visual impairment; (II) 
the absence of severe heart, liver, and kidney disease; (III) 
no history of central nervous system disease; (IV) no history 
of alcohol or drug dependence or other mental illness; (V) 
no MRI contraindications; (VI) no allergies to iodine; (VII) 
no cerebral infarction or hemorrhage confirmed by CT or 
MRI examination.

Participant information

The clinical information collected from all participants 
included the following: sex, age, neurological examination, 
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and vascular risk factors. Vascular risk factors included a 
family history of cerebrovascular disease (primarily cerebral 
infarction), hypertension, diabetes mellitus, hyperlipidemia, 
anemia, ischemic heart disease, smoking [at least 1 
cigarette per day for more than 1 year as per the 1984 
World Health Organization (WHO) standard on smoking 
survey methods], and alcohol abuse (alcohol consumption 
more than 50 g/d, or more than 2 bottles of beer in 1 day 
more than 5 days a week). In addition, all participants 
were evaluated by an experienced neuropsychologist and a 
detailed medical history was taken. If necessary, caregivers 
were asked to obtain more reliable psychological scores to 
determine the depressed emotional state of participants with 
more accuracy, and the relevant information of caregivers 
was collected in these cases.

The Hamilton Depression Scale (HAMD) evaluation

All participants underwent neuropsychological assessment. 
The HAMD was used to evaluate the depression status of 
the participants. These assessments were all performed in a 
quiet room by the same qualified neuropsychologist, and all 
participants were emotionally stable when the assessments 
were performed. 

CT scanning and MRI acquisition (25,26)

All participants underwent whole-brain perfusion imaging 
with a 320-detector row CT system (Aquilion ONE; 
Toshiba Medical Systems, Tokyo, Japan) and MRI scanning 
with a 3.0T MR system (Magnetom Verio, Siemens Medical 
Systems, Erlangen, Germany). 

The CTA parameters were as follows: (I) Toshiba 
Aquilion ONE 320 detector row CT for whole-brain 
perfusion imaging: coverage, 140 mm; volume scanning 
thickness, 0.5 mm; field of vision (FOV), 220 mm; matrix, 
512×512; tube voltage, 100 kV; tube current, 150 mA. 
First, 50 mL of contrast medium (iohexol 350 mg I/mL) 
was injected at a flow rate of 5 mL/s, and the first scan 
was carried out with a 7-second delay after the injection of 
contrast medium. The continuous intermittent scan was 
then carried out with an interval of 2 seconds. The arterial 
phase reached a peak between 18–28 seconds. During the 
venous phase, intermittent scanning was performed every 
5 seconds. The rotation time was 0.5 seconds, and the total 
scan duration was 60 seconds. Finally, the whole brain 
dynamic volume data of 19 phases were obtained. 

The fluid-attenuated inversion recovery (FLAIR) 

sequence MRI was performed with the fol lowing 
parameters: time of repetition (TR), 5,000 ms; time of 
echo (TE), 94 ms; time of inversion (TI), 1,800 ms; slice 
thickness, 5 mm; slice interval, 1 mm; field of view (FOV), 
230 mm. The AC-PC line served as a baseline, and a total 
of 23 slices were acquired.

Construction of CBF map and generation of CTA data (25)

All CTP images of sufficient quality were preprocessed with 
Perfusion Mismatch Analyzer (PMA, Ver. 5.0.0.0.) software 
to calculate perfusion maps of CBF. Calculations were 
conducted using PMA parameters. 

To perform a quantitative analysis, all transformed data 
were imported into Mango Ver. 4.0.1 software to draw 
regions of interest (ROIs). All volumetric data were inserted 
into a three-dimensional CTA imaging system (Toshiba) for 
subtraction angiography automatically to produce three-
dimensional images.

Assessment of intracranial artery stenosis (25,27) 

The warfarin-aspirin symptomatic intracranial disease 
(WASID) method (28) was used to assess intracranial 
artery stenosis. The stenosis rate was calculated as follows: 
stenosis rate = 1 − (diameter of stenotic artery/diameter 
of distal normal artery) × 100%. The bilateral internal 
carotid artery (ICA), anterior cerebral artery (ACA), middle 
cerebral artery (MCA), posterior cerebral artery (PCA), and 
vertebral artery (VA) were assessed for stenosis. Intracranial 
artery stenosis was evaluated by an experienced neurologist.

Cerebral CTP assessment (25,26)

All data transformed by PMA were imported into Mango 
software to manually draw ROIs on the lateral ventricle 
layer and to obtain the CBF values of the frontal, temporal, 
parietal, and occipital lobes, and global hemisphere area. 
The steps we took, including the addition of template 
formulation and ROI selection, are detailed as follows: 
collect the CTP image data of the participants; evaluate the 
quality of the perfusion images; eliminate images with heavy 
motion artifacts and skull base artifacts; use PMA software 
to calculate the perfusion image of the total CBF; use the 
Circle of Willis as the reference level with the software 
automatically selecting 10 artery input functions (AIFs), 
and the vein output function automatically selecting the 
intracranial vein above the skull base. The deconvolution 
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method was then used to calculate the perfusion diagram, 
with PMA parameters remaining at the default value.

The first step was to select a CTA original data map 
with a good position on the template. Secondly, two typical 
images were selected: the lateral ventricle body level (the 
middle level of the line between the upper and lower edge 
of the lateral ventricle), and the basal ganglia level (the line 
between the frontal and posterior horns of lateral ventricle). 
The third step was to sketch the template ROI on the 
above two levels. The scope of the ROIs was carefully 
divided according to relevant information available on this 
website: https://www.imaios.com/en/e-Anatomy/Head-and-
Neck/Brain-MRI-in-axial-slices. On this website, under 
“Anatomical parts”, we selected and referred to “Regions: 

Cerebral lobes-Brainstem”. Information was also obtained 
with respect to brain lobes from https://radiopaedia.org/ 
(ROI are shown in the CTP images at Figure 1A). The 
fourth step was to adjust the CTA images of each patient 
to be consistent with the template. Lastly, the original ROI 
were loaded into the normalized CTP images and the ROIs 
were fine-tuned to avoid the sinuses and ventricles as much 
as possible to reduce measurement error. The CBF value of 
each ROI was obtained at each layer. 

WMH assessment (26)

WMHs were evaluated according the classification system 
proposed by Kim (29). The Kim score for each WMH 

A

B

1 score                                                                        2 score                                                                     3 score

Figure 1 Sketches of ROIs for cerebral perfusion and Kim score of white matter lesions. (A) The ROIs for cerebral perfusion: red, area of 
frontal lobe; green, area of parietal lobe; blue, area of temporal lobe; yellow, area of occipital lobe; (B) the Kim score in detail: 1 = small cap 
or thin lining lesion or punctuate lesion; 2 = larger cap or smooth halo lesion or more punctuate lesion with confluence; 3 = extending cap or 
irregular extended hyperintense or lesion with massive confluence.

https://www.imaios.com/en/e-Anatomy/Head-and-Neck/Brain-MRI-in-axial-slices
https://www.imaios.com/en/e-Anatomy/Head-and-Neck/Brain-MRI-in-axial-slices
https://radiopaedia.org/
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ranges from 0 to 3 and the specific scoring calculated for 
juxtaventricular WMH (JVWMH) was the following: 
0 = no WMH; 1 = small cap or thin lining lesion; 2 = 
larger cap or smooth halo lesion; 3 = extending cap or 
irregular extended hyperintense. The following scoring 
was calculated for periventricular WMH (PVWMH), deep 
WMH (DWMH), and juxtacortical WMH (JCWMH):  
0 = no WMH; 1 = punctuate lesion; 2 = increased punctuate 
lesion with confluence; 3 = lesion with massive confluence 
(Figure 1B). The final score of each subtype was the sum of 
the two sides with a range of 0 to 6. If the Kim score ≥3, we 
categorized this subtype of WMH as a moderate-to-severe 
lesion. The images generated from all participants were 
graded for WMHs by the same experienced investigator 
who was unaware of the HAMD results.

Statistical analysis

All statistical analyses were performed with IBM SPSS 
Statistics 20.0. The differences in CBF between the two 
groups were compared using independent samples t-test, 
and the differences in Kim score were compared by a 
nonparametric test. The incidence of WMHs between 
the two groups were compared by Chi-square test. The 
association between two variables was evaluated with 
Spearman’s correlation analysis. A two-sided P value of 
<0.05 was considered statistically significant.

Results

Clinical characteristics

To minimize the bias between the control and depression 
groups, age and sex was matched for all participants. 
Therefore, no significant demographic variations were 
found between the control and depression groups. Other 
confounding factors, such as hypertension, diabetes, 
hyperlipidemia, coronaropathy, family history of stroke, 
anemia, smoking, and alcohol abuse were tightly controlled 
between the control and study groups. As expected, there 
was a significant difference in HAMD score between the 
control and depression group (P<0.001, Table 1).

CBF comparisons of LOD with cerebral macro- and 
microcirculation

Figure 2 shows a comparison of the percentage of 
intracranial arterial stenosis in several intracranial large 
arteries between the control and depression group. These 
results showed that the depression group was more prone 
to intracranial arterial stenosis (diameter of a stenotic artery 
≤50% diameter of a normal artery) (81.1% vs. 74.6%, 
P=0.40) and had more severe stenotic arteries than the 
control group (Z=2.024, P<0.05) (Figure 2A). Additionally, 
the percentage of moderate-to-severe stenotic MCAs in 
the depression group was significantly higher than that in 

Table 1 Demographic and clinical characteristics regarding the risk factors of late onset depression (LOD)

Variables Control group (n=63) Depression group (n=53) P value

Age (years), mean ± SD 69.08±9.08 72.45±9.44 0.053

HAMD score, mean ± SD 5.32±2.40 14.00±3.92 <0.001

Female, n (%) 34 (54.0) 33 (62.3) 0.368

Hypertension, n (%) 32 (50.8) 33 (62.3) 0.215

Diabetes mellitus, n (%) 8 (12.7) 6 (11.3) 0.821

Hyperlipidemia, n (%) 33 (52.4) 27 (50.9) 0.877

Ischemic heart disease, n (%) 5 (7.9) 4 (7.5) 1.000

Family history of cerebrovascular disease, n (%) 1 (1.6) 3 (5.7) 0.492

Anemia, n (%) 4 (6.3) 7 (13.2) 0.209

Smoking, n (%) 5 (7.9) 1 (1.9) 0.296

Alcohol abuse, n (%) 2 (3.2) 0 (0.0) 0.554
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control group (9.4% vs. 0%, P<0.05) (Figure 2B). 
CTP imaging reflects brain tissue microcirculation. 

Thus, using CTP to investigate CBF, we found significantly 
decreased blood flow in the temporal lobe (↓15%) and 
occipital lobe (↓14.9%) areas of participants with LOD 
compared to normal controls (P<0.05). We further found 
more significantly decreased blood flow in the frontal lobe 
(↓16.7%), parietal lobe (↓16.3%) and global hemisphere 
(↓16.7%) of participants with LOD compared to controls 
(P<0.001) (Table 2).

Taking into account the two major risk factors of 
cerebrovascular disease, hypertension and diabetes, we 
further divided the participants into two groups: a group with 
hypertension and/or diabetes (67 participants in the mixed 
group), and a group without hypertension and/or diabetes 

(49 participants in the mixed group). The results of the 
analysis within the mixed groups were consistent with the 
overall results (82.9% vs. 87.5%, P>0.05 for the percentage 
of stenotic arteries). For participants with hypertension 
and/or diabetes, the CBF values of those in the depression 
group were lower than that of the control group (24.94 vs.  
30.35 mL/100 g/min in the frontal lobe, P<0.05; 27.01 vs. 
32.79 mL/100 g/min in the parietal lobe, P<0.05; 45.20 vs. 
54.03 mL/100 g/min in the temporal lobe, P<0.05; 28.31 
vs. 34.76 mL/100 g/min in the occipital lobe, P<0.05; and  
26.27 vs. 32.05 mL/100 g/min in global hemisphere, P<0.05). 
For participants in the group without cerebrovascular disease 
risk factors, the CBF values of those in the depression 
group were lower than those of the control group (26.63 vs.  
30.87 mL/100 g/min in the frontal lobe, P<0.05; 29.22 vs. 

Figure 2 Comparison of moderate-to-severe stenotic arteries between control group and LOD group. (A) The blue area represents the 
percentage of mild stenotic arteries (diameter of stenotic artery ≤50% diameter of normal artery) (68% vs. 51%). The non-blue area 
represents the percentage of moderate-to-severe stenotic arteries (diameter of stenotic artery ≥50% diameter of normal artery). The 
numbers 0–5 refer to the number of moderate-to-severe stenotic arteries. (B) The comparison of percentage of moderate-to-severe stenotic 
arteries, including the internal carotid artery (ICA), anterior cerebral artery (ACA), middle cerebral artery (MCA), posterior cerebral artery 
(PCA), and vertebral artery (VA) between the control and depression group. *, P<0.05.
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33.60 mL/100 g/min in the parietal lobe, P<0.05; 49.37 vs. 
55.54 mL/100 g/min in the temporal lobe, P>0.05; 30.53 vs. 
33.61 mL/100 g/min in the occipital lobe, P>0.05; and 28.18 
vs. 32.52 mL/100 g/min in the global hemisphere, P<0.05).

Correlations between CBF, WMH load, and HAMD score

HAMD scores were negatively correlated with CBF in 
the global hemisphere (r=−0.223, P<0.05), frontal lobe 
(r=−0.226, P<0.05), parietal lobe (r=−0.198, P<0.05), and 
temporal lobe (r=−0.187, P<0.05). No significant correlation 
was found between HAMD score and CBF in the occipital 
lobe (Figure 3). No significant correlation between HAMD 
score and regional WMH loads was identified (P>0.05). 

Comparison of regional WMH load

A significant difference was found between the control 
and depression groups in the percentage of WMH load 
in DWM (P<0.05). Interestingly, no significant difference 
was observed in the percentage of WMH load in JCWM, 
PVWM, and JVWM between the two groups (P>0.05). The 
percentage of regional WMH load was compared between 
the control and depression groups, and a higher percentage 
of moderate-to-severe WMH load in DWM was found in 
the depression group (Figure 4) compared to the control 
group (35.8% vs. 14.3%, P<0.01).

Discussion

The major findings of our study include the following: (I) 
significant stenosis in the MCAs of the depression group; (II) 
highly significant hypoperfusion in the frontal and parietal 
lobes superposed on global cerebral hypoperfusion in the 
depression group; (III) and a significant difference in high 
DWMH loads between the two groups. Our data indicated 

that moderate-to-severe cerebral damage in the DWM 
combined with significant hypoperfusion of the frontal and 
parietal lobes may either contribute to the pathogenesis of 
LOD or aggravate the disease. These findings demonstrate 
the relationships between cerebral hypoperfusion, WMH 
loads, and LOD. These hemodynamic changes are a result 
of impaired cerebral macrocirculation and microcirculation, 
and ischemic damage to cerebral small vessels. This was 
recently demonstrated in a TCD study of patients with 
WMHs and a cognitive profile of mild vascular cognitive 
impairment (30). 

LOD has important implications for the understanding 
of vascular dementia pathogenesis, as well as its treatment 
and prevention; LOD itself has been considered a 
major risk factor for vascular dementia (31-33), but the 
pathophysiology of LOD is not yet well understood. 
Current theories are based on studies that investigate risk 
factors such as age, female sex, related cerebrovascular 
disease, bereavement, sleep disturbance, genetics, social 
dysfunction, WMHs, and subcortical ischemic brain damage 
(3,11,12,34,35). Traditional risk factors of LOD or vascular 
depression were considered in our study during participant 
selection to minimize bias. Neuroimaging studies have 
provided mounting evidence to support the correlation 
between cerebro-cardiovascular disease and LOD. CTA, 
magnetic resonance angiography (MRA), and perfusion 
neuroimaging can facilitate study of the pathological and 
vascular basis of LOD, as these neuroimaging techniques 
reflect either cerebral macrocirculation or microcirculation 
conditions. 

Vascular  dysregulat ion i s  common in vascular 
depression. Reduction of CBF can impair regional or 
global brain function, contributing to depressive symptoms 
(36,37). Large vessel cerebral vascular disease affects 
macrocirculation and is characterized by the presence of 
stenosis in major cerebral arteries. Our study showed more 

Table 2 The distribution of CBF in ROI in control group and late-onset depression (LOD) group

CBF (mL/100 g/min) Control group (n=63) Depression group (n=53) P value

Frontal lobe 30.60±5.62 25.51±7.77 <0.001*

Temporal lobe 54.77±11.07 46.61±15.33 0.002*

Parietal lobe 33.19±5.79 27.76±8.63 <0.001*

Occipital lobe 34.19±6.28 29.06±9.35 0.001*

Global hemisphere 32.28±5.94 26.92±8.16 <0.001*

Values of CBF are reported as mean ± SD. *, P<0.05.
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Figure 3 Correlation between CBF and HAMD score. HAMD score negatively correlated with CBFs of the global hemisphere (E), frontal
lobe (A), temporal lobe (B), parietal lobe (C), and occipital lobe (D). *, P<0.05.

Figure 4 Comparison of the percentage of moderate-to-severe 
WMH between the control group and LOD group. *, P<0.05. 
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significant stenosis of MCAs in LOD participants compared 
to the control group, indicating that severe macrovascular 
pathology was involved. Significant hypoperfusion in 
the frontal and parietal lobes could be a consequence 
of MCA stenosis. Consistent with previous studies 
that showed an association between global or regional 
cerebral hypoperfusion and vascular depression (23),  
our findings indicated that reduced CBF worsens with 
LOD progression. The combination of a low global or 
regional perfusion status and moderate-to-severe stenosis 
of MCAs suggests a diffuse or localized cerebral micro-
and macrovascular pathology of LOD. Regional or global 
perfusion deficits could disrupt the steady supply of oxygen 
and nutrients to the brain, adversely affecting gray matter 

*
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function and resulting in the development of WMHs. 
These pathophysiological changes further distort regional 
brain structure and possibly disrupt emotional regulation in 
vascular depression (12,38). 

WMH loads as imaged by MR are considered the image 
phenotype of ischemic damage to cerebral small vessels 
(39,40) and are interpreted to be small vessel cerebral 
vascular disease (41,42). WMHs are clinically important 
because images taken of WMHs can be used to predict poor 
response to treatment and increased probability of relapse, 
and WMHs have additionally been suggested as a reliable 
biological risk marker for late-onset mood disorders (43). 
WMHs are commonly associated with advanced age and 
other cerebrovascular risk factors (31,44). WMH loads have 
been found to be associated with regional cerebral blood 
volume (45). Compared with the cerebral cortex, DWM 
is poorly vascularized. It is supplied by long penetrating 
and perforating arteries and medullary arteries arising 
from short branches of the MCAs. The arteries supplying 
cerebral white matter do not usually anastomose, which 
makes DWM more vulnerable to hypoperfusion from 
MCAs. A recent study using TCD has suggested severe 
WMH loads likely arise from small vessels and then extend 
into larger arteries (23). Our data showed that both large 
arteries and small vessels were significantly involved in 
LOD. Damage to large and small vessels may or may not 
occur simultaneously, depending on the stage and severity 
of disease. Stenotic intracranial large arteries and small 
vessels can result in deficient blood supply to DWM, 
supporting the concept that DWMHs have a primarily 
vascular etiology (46). The affected microvessels are 
presumed to induce lesions in DWM and disrupt the blood-
brain barrier (BBB), leading to chronic leakage of plasma 
into white matter (47). 

It is still controversial whether lesion location or the 
severity of WMHs contribute to either the pathogenesis or 
aggravation of LOD, or vascular depression. Several studies 
have suggested that the location of cerebral WMHs plays a 
prominent role in the pathogenesis of LOD (13,40), while 
other studies have shown that WMH severity is a more 
valuable marker for broader deficits in microvascularity 
and autoregulation (48,49). Our study compared the 
importance of both the severity and location of WMHs in 
LOD pathogenesis using Kim’s method. To date, Fazekas’ 
method (50) has been widely used to subdivide WMHs 
into JVWMH and DWMH. However, this subdivision of 
WMHs is not able to reflect pathophysiological changes 
within regions due to the high heterogeneity of WMH 

loads. The Fazekas scale (50) divides WMHs into two types: 
paraventricular and deep lesions. It is simple and practical, 
but also has some defects, primarily because it is too general 
to distinguish WMHs present in different parts of the 
brain. White matter fibers receive varying blood supply 
and have varying functions depending on where they are 
located in the brain. Therefore, a more practical method is 
needed to localize and explore WMHs. The Kim scale (29) 
is currently the most suitable method for clinical needs. In 
this scale, WMH is divided into four types depending on 
the lesion location and blood supply arteries. Kim’s method 
was therefore applied in this study to subdivide WMHs into 
JVWMH, PVWMH, DWMH, and JCWMH. Our results 
showed that, among these four subdivisions of WMH, 
there was a significant difference in high DWMH loads 
(moderate-to-severe WMHs) between the depression and 
control groups as determined by FLAIR MRI. This finding 
confirms that both the severity and location of WMH loads 
play an important role in LOD development. Consequently, 
moderate-to-severe WMH loads in DWM could serve as 
a key imaging marker to indicate broader dysfunction in 
microvascularity and autoregulation in LOD. 

This study provides evidence that both intracranial 
macrovascularity and microvascularity can be impaired in 
LOD, and we cautiously conclude that both intracranial 
large arterial stenosis, particularly in MCA, and moderate-
to-severe DWM lesion load in the frontal and parietal lobes 
contribute to the development of LOD. This study may 
therefore provide reliable radiological hallmarks to define 
LOD. LOD might be caused by continuous hypoperfusion 
in vulnerable cerebral regions, such as DWM in the frontal 
and parietal lobes. This hypoperfusion may disrupt regional 
or global autoregulation, along with age-affected BBB, 
which is a dynamic physical, transportive, and enzymatic 
barrier between the brain parenchyma and circulating 
blood. Disruptions to the BBB can cause leakages and 
redistribution of neurotransmitters. 

The major limitation of this study is that the severity of 
intracranial large arterial stenosis, such as MCA stenosis, 
is heterogeneous, while the sample size of each group was 
not sufficiently large to draw definitive conclusions. For 
example, fewer patients with moderate-to-severe stenotic 
MCAs were enrolled in our study compared to mild 
stenotic MCAs, yet there was a significant difference in the 
percentage of moderate-to-severe stenotic MCAs between 
the two groups. In addition, cerebral hypoperfusion and 
WMHs are frequently reported in the aging population 
and patients with cardiovascular diseases (51,52). These 
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pathological changes are not unique to depressive disorders 
in the elderly population. Overall, however, our study 
provides a deeper understanding of the associations between 
lesions in dominant brain regions, regional or global 
hypoperfusion, and their potential clinical consequences. 

Conclusions

This study highlights the role of multimodality imaging in 
the objective assessment of impaired hemodynamics in LOD. 
We found that a low global or regional perfusion status, 
moderate-to-severe stenosis of MCAs, and high WMH loads 
constitute a set of imaging hallmarks for LOD diagnosis. 
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