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Abstract 
 

Investigation of brain beta amyloid 

deposition and plasma beta amyloid level  

in late life onset depression 
  

Byun, Min Soo  

Department of Medicine (Psychiatry) 

The Graduate School 

Seoul National University 
 

Introduction: Previous researches on the late life onset depression (LLOD) have 

revealed its association with vascular risk factors, supporting vascular depression 

hypothesis. However, several recent studies suggested the possibility of the role for 

cerebral amyloidosis in LLOD. The aim of this study is to investigate the 

association of cerebral amyloidosis with the experience of LLOD and related 

structural brain changes using both 11C-labelled Pittsburgh compound B (PiB) PET 

imaging and assessment of plasma beta-amyloid (Aβ) protein level. 

 

Methods: Twenty-nine non-demented subjects who first experienced a major 

depressive episode at the age of 60 years or older, were recruited as LLOD patients. 
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Twenty-seven non-demented elderly individuals, who had no experience of major 

depressive episode and who scored 16 or lower on the Korean version of the 

Geriatric Depression Scale, were included as normal controls (NC). All participants 

received a comprehensive clinical assessment including vascular risk evaluation, 

11C-labeled Pittsburgh Compound B (PiB) positron emission tomography (PET), 

and magnetic resonance imaging (MRI). Blood was sampled for Apolipoprotein E 

(APOE) genotyping and assessment of plasma beta-amyloid  (Aβ)  protein levels. 

 

Results: There were no differences in age, gender, educational level, and frequency 

of APOE  ε4  carrier between LLOD and NC groups. In terms of regional or global 

PiB retention and plasma Aβ  levels, no significant differences were found between 

LLOD and NC groups. A univariate group comparison demonstrated significantly 

higher systolic blood pressure (SBP) in LLOD group than in NC group. A multiple 

logistic regression analysis with age, gender, education, and SBP as covariates 

indicated that PiB positivity was not significantly associated with diagnostic status 

of LLOD, whereas SBP was associated with diagnostic status of LLOD in the same 

regression model. In a subgroup analysis, LLOD subjects with mild cognitive 

impairment  (MCI)  had  significantly  elevated  PiB  retention  and  plasma  Aβ  levels,  

whereas those without MCI did not differ relative to the NC group. Structural 

imaging analysis demonstrated that LLOD subjects had reduced gray matter 

volume and white matter integrity mainly in bilateral prefrontal regions.  
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Conclusions: In this study, no significant differences were found in brain PiB 

retention   and   plasma   Aβ   protein   levels   between   the   LLOD   and   NC   groups, 

although a subset of LLOD subjects with MCI had increased levels of both. These 

findings suggest that cerebral amyloidosis per se is probably not a major 

contributor to LLOD, but may be involved in the underlying pathophysiology of a 

subset of LLOD patients with MCI. 

---------------------------------------------------------------------------------------------------- 

Keywords: Late life onset depression; Beta-amyloid; PiB-PET; Plasma Aβ level; 

Vascular risk factor 

Student Number: 2010-31145 
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I. Introduction 

 

1. Late life onset depression and Alzheimer’s disease 

 

Late life onset depression (LLOD), most commonly defined as depression that 

first occurs at the age of 60 years or older, is reported to have distinct clinical 

characteristics compared to early life onset depression, including greater 

impairment in cognitive performance such as memory, processing speed and 

executive function, poor treatment response, high medical comorbidity, and 

association with vascular risk factors (VRF) including subcortical vascular disease 

(1).  

With regard to the possible biological etiology of LLOD, it has been suggested 

that vascular or neurodegenerative changes in the brain beginning in midlife play 

an important role in the development of LLOD by increasing brain vulnerability in 

late life. In particular, the association between VRF and LLOD has been strongly 

supported  by  numerous  studies,  leading  to  the  “vascular  depression  hypothesis”  (2,  

3).  

However, only a few studies have investigated the association between LLOD 

and neurodegenerative changes in the brain due to neurodegenerative disease such 

as  Alzheimer’s  disease   (AD),  which   also   commonly  manifests   in late life. AD is 

the most common cause of dementia, accounting for 70% of dementia cases, and is 
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one of the most common neurodegenerative disorders in the elderly population 

above the age of 65. One of the hallmarks of neuropathology in AD is the presence 

of senile plaques, deposits of beta-amyloid protein that initiate multiple 

pathophysiological cascades resulting in synaptic injury and ultimately neuronal 

loss.   This   “amyloid   cascade   hypothesis”   has   been   widely   accepted   as   an  

explanation for a key pathophysiology of AD (4).  

The accumulation of brain beta-amyloid protein starts 15 to 20 years prior to the 

onset of clinical manifestations of dementia (5), and individuals at high genetic risk 

for AD who do not demonstrate any clinical symptoms or cognitive decline show 

functional brain abnormalities that are similar to those of AD patients. These 

results suggest that brain beta-amyloid deposition and related functional changes in 

the brain start long before the onset of overt dementia and contribute to brain 

vulnerability in late life. 

Previous clinical and epidemiological studies have suggested a possible 

association between late life depression and AD for several reasons. First, the 

prevalence of coexisting depression in AD was reported to be 10–50% (6, 7). 

Second, the prevalence of depressive symptoms was high within the 3-year period 

preceding a diagnosis of AD dementia, and significantly higher among subjects 

with mild cognitive impairment (MCI) compared to normal controls (NC), 

suggesting that LLOD may be an early prodromal symptom of AD dementia (6, 8). 

Third, a recent meta-analysis of epidemiologic studies revealed that late life 

depression is associated with an increased risk for all forms of dementia, including 
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AD dementia and vascular dementia, suggesting that such depression may be a risk 

factor for AD dementia (9, 10). These previous reports, especially those supporting 

the hypothesis that late life depression is a comorbid or prodromal symptom of AD 

dementia, suggest that beta-amyloid deposition in the pathophysiological process 

related to AD may be associated with the onset of depressive symptomatology in 

late  life  by  increasing  the  brain’s  vulnerability  (11).    

However, most of the evidence supporting the association between LLOD and 

AD-specific pathology (i.e., beta-amyloid [Aβ] protein deposition) has come from 

clinical and epidemiological studies rather than from research using a 

neuropathological approach or examining biomarkers for Aβ deposition. Therefore, 

to investigate whether brain Aβ protein deposition is related to the etiology of 

LLOD, it is necessary to measure in vivo amyloid deposition in the brain in patients 

with LLOD who do not have comorbid dementia. 

 

2. Previous literatures on amyloid depression hypothesis 

 

Previous studies have  suggested  an  association  between  plasma  Aβ  protein  and  

an increased risk of developing AD (12–14). Changes in the concentrations of 

plasma  Aβ1–42 and  Aβ1–40 may indicate an increased risk of dementia, suggesting 

that  Aβ  levels  in  plasma  can  be  used  as biomarkers of incipient dementia (12, 13). 

In   addition,   the   ratio  of  plasma  Aβ1–40/Aβ1–42 can be used to identify individuals 
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with an increased risk for MCI or AD (14). 

Elderly subjects with late life depression also tend to have lower levels of 

plasma  Aβ1–42 relative to those without late life depression (15, 16). In addition, 

elderly   with   depression   tended   to   have   significantly   lower   plasma   Aβ1–42 and 

higher Aβ1–40 / Aβ1–42 ratio than those without depression, and a higher plasma Aβ1–

40 / Aβ1–42 ratio is associated with greater cognitive decline; this is called the 

“amyloid-associated  depression”  hypothesis,  which  suggests  that  there  is  a  subtype  

of late life depression that is associated with amyloid deposition and manifests as a 

prodromal symptom of AD (17). 

However, only a few  studies  have  investigated  the  association  between  Aβ  levels  

in plasma and the development of LLOD, and it remains unclear whether the levels 

reflect   the   extent   of   Aβ   protein   deposition   in   the   brain.   Thus,   to   clarify   the  

association   between   brain   Aβ   pathology   and   the   development   of   LLOD,   it   is  

important   to  consider  a  method  that  not  only  assesses   the  Aβ  level   in  plasma  but  

also  can  directly  measure  the  amount  of  Aβ  deposition  in  the  brain. 

With  regard  to  the  quantification  of  Aβ  deposition in the human brain in vivo, a 

new positron emission tomography (PET) method using carbon-11-labeled 

Pittsburg compound B (11C-PiB)   tracer,  which   directly   binds   to  Aβ  deposits,   has  

recently   been   developed   (18).  The   pattern   of  Aβ   deposition   assessed by 11C-PiB 

PET has been found to correspond to results from postmortem brain studies of AD 

patients, suggesting that 11C-PiB PET imaging is a promising method.  

Despite the advantages of using amyloid PET imaging such as 11C-PiB PET in a 
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quantitative analysis of cerebral amyloidosis, few studies have used such 

techniques (i.e., using 11C-PiB PET or 18F-florbetapir PET) to investigate the 

pattern   of   Aβ   deposition   in   individuals   with   LLOD.  Moreover,   previous   studies  

have lacked consistency (11, 19, 20). This may be due to differences in the sample 

characteristics across studies, because some previous studies used the definition of 

late life depression rather than LLOD. The definition of late life depression, which 

is not confined to LLOD, cannot completely exclude the possibility that elderly 

participants who had early onset depression with recurrent depressive episodes in 

late life were included in the study sample. Considering the clinical and biological 

differences between early onset depression and LLOD, it is necessary to limit the 

recruitment of participants to those who first experienced a major depressive 

episode after the age of 60 to properly investigate LLOD. Moreover, the relatively 

small sample sizes of previous studies may have limited their statistical power (11). 

Furthermore, although numerous studies (21-24) have provided evidence of 

neuroanatomical changes related to LLOD in regions within the fronto-limbic 

network (such as loss of gray matter [GM] volume in medial frontal regions as well 

as in the hippocampus, and changes in the integrity of white matter [WM]), only a 

few studies have simultaneously investigated cerebral amyloidosis and 

neuroanatomical changes in the brain of individuals with LLOD. Therefore, a 

multi-modal imaging approach using structural magnetic resonance imaging (MRI) 

and 11C-PiB PET to investigate LLOD would provide valuable information 

regarding the underlying etio-pathophysiology of LLOD. 
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3. Objective 

 

The primary objective of this study is to investigate the hypothesis that cerebral 

amyloidosis is associated with experience of LLOD. For this purpose, the level of 

cerebral amyloidosis was evaluated using both 11C-PiB PET both and plasma Aβ 

level assessment, to test the hypothesis that subjects with LLOD have higher level 

of brain beta-amyloid deposition measured by 11C-PiB PET and lower plasma Aβ1-

42 and higher Aβ1-40 / Aβ1-42 level compared to NC. To complement the limitations 

of previous studies, subjects who first experienced major depressive episode at the 

age of 60 years or older were recruited as LLOD group. In addition, VRF were 

evaluated to investigate independent association of cerebral amyloidosis to LLOD 

after controlling the effect of vascular risks. The secondary objective of this study 

is to explore the LLOD-related structural changes in the brain and to identify 

whether cerebral amyloidosis is associated with such changes. Thus, a multi-modal 

imaging approach using both structural MRI and 11C-PiB PET was used in this 

study.  
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II. Materials and Methods 

 

1. Participants 

 

The participants in the LLOD group were non-demented individuals who first 

experienced a major depressive episode (MDE) according to the Diagnostic and 

Statistical Manual of Mental Disorders, 4th Edition (DSM-IV) at the age of 60 years 

or older, recruited from the Geriatric Psychiatry Clinic of Seoul National 

University Hospital (SNUH), Seoul, Republic of Korea. Participants who had other 

major comorbid neuropsychiatric illnesses (e.g., schizophrenia, bipolar disorder) 

were excluded from the LLOD group. The NC subjects were non-demented elderly 

individuals, recruited from the community, who had no experience of major 

depressive episode or any other major psychiatric illness and who scored 16 or 

lower on the Korean version of the Geriatric Depression Scale (GDS-KR). 

Excluded from both groups were participants with a dementia diagnosis according 

to the DSM-IV criteria, history of significant systemic illness, history of significant 

neurological disorder or any major abnormal findings in a brain MRI (e.g., infarcts, 

hemorrhage, tumors, or inflammations in brain), history of electroconvulsive 

therapy, or contraindications for MRI scans. An initial 59 participants took part in 

the screening procedures. Among these, three in the LLOD group were excluded 

due to significant abnormal findings in the brain MRI during screening. Therefore, 
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a total of 29 participants in the LLOD group and 27 participants in the NC group 

were included for analysis.  

The study was approved by the Institutional Review Board of SNUH and written 

informed consents were given by all participants. This study complied with the 

recommendations of the current version of the Declaration of Helsinki.  

 

2. Clinical assessment  

 

All participants received a standardized clinical assessment according to the 

protocols of the Korean version of the Consortium to Establish a Registry for 

Alzheimer’s   Disease   (CERAD)   Assessment   Packet,   the   CERAD  

neuropsychological battery, and the Stroop test. At the time of examination, most 

of the LLOD subjects (n = 26) were remitted from MDE, whereas three LLOD 

subjects met the full DSM-IV criteria for MDE. Diagnosis of amnestic or non-

amnestic MCI was made according to the criteria used in a previous study (25). 

The GDS-KR, the Hamilton Rating Scale of Depression (HRSD), and the 

Montgomery-Åsberg Depression Rating Scale (MADRS) were administered to 

assess the severity of current depressive symptoms. The presence of VRF was 

defined as participants with one or more VRF including heart disease, hypertension, 

diabetes mellitus, hyperlipidemia, and transient ischemic attack. Body mass index 

(BMI) was calculated using measurements of stature and body weight, and both 
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systolic (SBP) and diastolic blood pressure (DBP) were also assessed.  

 

3. 11C-PiB PET image acquisition and analysis 

 

3.1. Image acquisition 

Participants underwent 11C-PiB PET imaging using Biograph PET/CT scanners 

(Siemens, TN, USA). For each subject, 550-750 MBq of 11C-PiB was 

administrated with intravenous injection. A 20-minute emission scan was obtained 

in 3D mode starting 50 minutes after injection, and a CT scans was performed for 

attenuation correction (120 kVp, 40 mAs, pitches of 0.8). PET reconstructions were 

done using a point spread function-based iterative algorithm (TrueX, 6 iterations, 

21 subsets) with matrix size of 256×256 (74 slices, voxel size: 1.3364×1.3364 mm2, 

slice thickness of 3 mm), and reconstructed images were rearranged onto transaxial, 

sagittal, and coronal images. 

 

3.2. Image processing and analyses 

Image preprocessing for statistical analyses was performed using Statistical 

Parametric Mapping 8 (SPM8, Wellcome Department of Cognitive Neurology, 

London, UK; http://www.fil.ion.ucl.ac.uk/spm/) implemented in Matlab 

(Mathworks, Natick, MA, USA). 11C-PiB PET data of each subject were co-
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registered to individual volumetric magnetic resonance image and then 

automatically spatially normalized into the standard MNI template in SPM8 using 

transformation parameters derived from the normalization of individual magnetic 

resonance image to the template. All normalized images were reformatted with a 

voxel size of 2×2×2 mm. For quantitative normalization of cerebral 11C-PiB uptake 

values, the cerebellum was used as a reference region (26) and 11C-PiB retention 

maps as region-to-cerebellar ratio were generated by dividing regional uptake 

values by the individual mean cerebellar uptake values in the same images.  

The automatic anatomic labeling algorithm (27) and a region combining method 

(28) were applied to set regions of interest (ROIs) to characterize 11C-PiB retention 

level in frontal, lateral parietal, posterior cingulate-precuneus (PC-PRC), lateral 

temporal and basal ganglia (BG) regions. Mean cortical amyloid burden was 

calculated by averaging the mean value of ROIs except BG (29). The image was 

classified as PiB positive if 11C-PiB retention value was 1.4 or higher in one of the 

following ROIs: frontal, lateral temporal, lateral parietal, PC-PRC, and BG (28). 

 

4. MRI acquisition and image processing   

 

4.1. Image acquisition 

MRI scanning was performed on a 3T Siemens TrioTim magnetic resonance 

scanner (Siemens AG, Erlangen, Germany). For a three dimensional (3D), T1-
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weighted magnetization-prepared rapid gradient-echo (MPRAGE) sequence, the 

following parameters were used: repetition time (TR) = 1900ms; echo time (TE) = 

3.1 ms; field of view (FOV) = 240 x 240 mm2; filp angle (FA) = 9○; slice thickness 

0.9 mm.  

For diffusion tensor imaging (DTI), following parameters were used: TR = 

10000 ms; TE = 88 ms; FOV = 240 x 240 mm2; FA = 90○; slice thickness 2.5 mm. 

The diffusion sensitizing gradients were applied along 30 directions (b = 1000 

s/mm2) with an acquisition without diffusion weighting (b = 0). 

For fluid-attenuated inversion recovery (FLAIR) imaging, following parameters 

were used: TR = 5000 ms; TE = 348 ms; FOV = 250 x 250 mm2; FA = 120○; slice 

thickness 1 mm.  

 

4.2. Image processing  

 

4.2.1. Voxel-based morphometry (VBM) 

VBM analysis was performed using SPM8 with the VBM8 toolbox 

(http://dbm.neuro.uni-jena.de/vbm/) to demonstrate group differences of regional 

gray matter (GM) volume between LLOD and NC groups. All T1-weighted images 

of each subject were normalized into standard anatomical space using MNI 152 

template. Next, normalized images were segmented into GM, white matter (WM), 

and cerebrospinal fluid (CSF). Smoothing at 12-mm full width-at-half maximum 
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was done after segmentation and modulation.  

 

4.2.2. Hippocampus segmentation 

T1-weighted images were corrected for non-uniform intensity artifacts using the 

N3 algorithm (30). Following non-uniformity correction, a brain mask was 

generated using the Brain Extraction Tool (31). Spatial normalization to the ICBM 

152 average template was performed using a nine-parameter affine transformation 

(32). Then the images were classified as GM, WM, CSF, and background using an 

advanced neural net classifier (33). The classified volumes were inversely 

transformed from the ICBM 152 template space to native space to calculate 

individual volume. GM, WM, and CSF volume were calculated by measuring the 

volume of voxels within classified images, and intracranial volume (ICV) was 

defined as the total volume of GM, WM, and CSF. Hippocampus segmentation was 

performed using an automated method based on a graph-cuts algorithm (34) 

combined with atlas-based segmentation and morphological opening (35). 

 

4.2.3. DTI data analysis with tract-based spatial statistics  

All DTI images of participants were visually inspected and one NC participant 

was excluded from DTI data analysis due to anatomical variation in the WM region.  

DTI images were processed using the FMRIB software library (FSL, version 

5.0.4; http://www.fmrib.ox.ac.uk/fsl). Corrections of head motion and eddy current 
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distortions were carried out with an affine transformation of each diffusion-

weighted image to the reference volume of the B0 image. To generate fractional 

anisotropy (FA) and mean diffusivity (MD) images for each subject, diffusion 

tensor models were fitted for each voxel within the binary brain mask generated 

from the B0 image. Voxel-wise statistical analyses of the FA and MD data were 

performed using tract-based spatial statistics (TBSS) (36, 37). First, FA data for all 

participants were aligned into an FA target image in standard space (FMRIB58_FA) 

with the nonlinear registration tool FNIRT (38, 39) using a b-spline representation 

of the registration warp field (40). After averaging the warped FA images and 

thresholding at FA > 0.2, the mean FA image representing the center of all tracts 

common to the study group was created. Finally, aligned FA data for each 

participant were projected onto this skeleton for voxel-wise cross-subject statistics.  

Group-differences in FA and MD parameters were evaluated by a permutation-

based t-test (Randomise v.2.9, http://www.fmrib.ox.ac.uk/fsl/randomise/index.html) 

after 5000 permutations of the data. Family wise error (FWE) correction was used 

for multiple comparisons. The analysis threshold of maps was set at p < 0.05.  

 

4.2.4. Automated quantification and localization of WMH  

Total 48 subjects had FLAIR images available for automated quantification of 

WMH volume. Automated method for quantification of WMH volume was 

performed as previously described (41). First, WMH candidate regions on FLAIR 

images were extracted applying classification method and morphological operation 



14 

to T1-weighted images. Then, a threshold method was applied to the FLAIR 

images within the WMH candidate regions.  

 

5. Blood sampling for apolipoprotein E genotyping and 

assessment of plasma beta-amyloid protein level 

 

5.1. Apolipoprotein E genotyping 

Fasting blood samples were taken for basic laboratory test including thyroid 

function test and exclude participants with significant abnormalities in laboratory 

test. Genomic DNA was extracted from venous blood and apolipoprotein E (APOE) 

genotyping was done according to a previously described method (42). The 

sequences of the primer pair were as following: i) 5’-

TCCAAGGAGCTGCAGGCGCGCCA-3’   for the upstream primer and ii) 5’-

ACAGAATTCGCCCCGGCCTGGTACACTGCCA-3’ for the downstream primer. 

An initial denaturation at 94○C for 10 min was followed by 30 cycles of annealing 

at 65○C for 0.5 min, extension at 72○C for 2 min, denaturation at 94○C for 1 min, 

and final extension at 72○C for 5 min. Identification of the APOE genotypes were 

performed by detecting a unique combination of fragment sizes: i) 91 bp and 81 bp 

fragments   for   ε2; ii) 91 bp and 48 bp fragments   for   ε3; iii) 72 bp and 48 bp 

fragments  for  ε4 (42).  
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5.2. Assessment of plasma beta-amyloid protein level 

Fasting plasma samples were collected in the morning by venipuncture into 

tubes containing EDTA as an anticoagulant. After centrifugation, the samples were 

aliquoted   in   polypropylene   tubes   and   stored   at   −80ºC   pending   biochemical  

analyses, without being thawed and refrozen. 

Plasma   Aβ   isoforms   was quantified by INNO-BIA   plasma   Aβ   forms   assay  

(Innogenetics, Ghent, Belgium) and the Bio-Plex 200 system with HTF (BIO-RAD, 

USA) according to a previously described method (43). Briefly, INNO-BIA plasma 

Aβ   forms  assay is a multiplex microsphere-based Luminex xMAP technique that 

can simultaneously measure Aβ1–40 and  Aβ1–42 (format  A)  and  Aβ   n–40 and  Aβ  n–42 

(format  B).  Aβ   isoforms   that   end   either   at  Aβ40 or  Aβ42 were captured by beads 

coated with either monoclonal antibody   (MAb)  21F12   for  Aβ42 or MAb 2G3 for 

Aβ40. MAb AT120, an anti-tau protein antibody, which was coated on a third class 

of beads, was used to measure matrix effects due to plasma heterophilic antibodies. 

Biotinylated MAb3D6, selectively binding Aβ  peptides  starting  at  Aβ1,  was used as 

a detector antibody for quantification  of  Aβ1–42 and  Aβ1–40 isoforms in Module A. 

Biotinylated MAb4G8, binding all N-terminally  truncated  Aβ  peptides  up  to  those  

starting  at  Aβ18, was used as a detector antibody for quantification  of  Aβ   n–42 and 

Aβ  n–40 isoforms in Module B (43). 
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6. Statistical analysis 

 

We performed independent t-tests for continuous variables and chi-squared 

testing   or   Fisher’s   exact   test   for   categorical   variables   (p < 0.05). Analysis of 

covariance (ANCOVA) was used to compare neuropsychological measures using 

age, gender, educational levels, and GDS-KR scores as covariates. To compare 

differences between NC and LLOD without MCI (LLODwoMCI), and between NC 

and LLOD with MCI (LLODMCI), the Mann-Whitney U test was used for 

comparison of regional and global PiB retention and plasma Aβ level. Multiple 

logistic regression analysis was used to test the association between variables and 

diagnostic group (LLOD vs. NC).  

For VBM analysis, group differences between LLOD and NC groups with 

respect to GM volume were assessed at both uncorrected p < 0.001 (k > 20) and 

corrected level of p < 0.05 after FWE correction for multiple comparisons (k > 20). 

The largest cluster showing a significant difference between the two groups was set 

as the region of interest (ROI) and then the mean values for the ROI were extracted 

for further analysis. 

For statistical comparisons of hippocampal volume, normalized hippocampal 

volume was calculated by scaling raw hippocampal volume by ICV to adjust for 

differences in individual head sizes. Univariate analyses using the mean GM 

volume of the regional cortical ROI and normalized hippocampus as dependent 
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variables were performed for LLOD subjects, with PiB positivity as an independent 

variable and age, gender, and VRF presence as covariates. 

In the TBSS analysis, the differences in FA and MD values between the LLOD 

and NC groups were evaluated at a corrected level of p < 0.05 after FWE 

correction. All statistical analyses were performed using SPSS software version 

21.0. 
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III. Results 

 

1. Demographic, clinical and neuropsychological 

characteristics 

 

1.1. Demographic and clinical characteristics 

Demographic and clinical characteristics of subjects are summarized in Table 1. 

There were no differences between the LLOD and NC groups with respect to age, 

gender, or educational level. In addition, the frequency of APOE  ε4  carrier  status  

did not exhibit a significant between-groups difference. 

The mean age of onset of the first MDE in the LLOD group was 68.2 ± 4.6 years. 

Three LLOD subjects were currently experiencing MDE, and the remaining 26 

LLOD subjects were partially or completely remitted from MDE. LLOD subjects 

who were partially remitted (n = 5) were experiencing minor depressive episodes. 

Compared to the NC group, LLOD subjects had significantly higher scores on 

depression scales including GDS-KR, HRSD, and MADRS. All participants in the 

LLOD group were taking antidepressants (i.e., selective serotonin reuptake 

inhibitors [SSRIs], serotonin-norepinephrine reuptake inhibitors [SNRIs], or 

noradrenergic and specific serotonergic antidepressants [NaSSAs]) at the time of 

examination.  
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With respect to the frequency of MCI diagnosis, the LLOD group had a 

significantly larger number of participants with MCI than did the NC group. 

Approximately 48% of LLOD subjects (n = 14) had a diagnosis of MCI, 6 had 

amnestic MCI (aMCI; single domain [n = 3], multiple domains [n = 3]), and 8 had 

non-amnestic MCI (naMCI; single domain [n = 5], multiple domains [n = 3]). In 

contrast, none of the participants in the NC group were diagnosed with MCI. 

There were no significant differences in VRF, BMI, or mean DBP between the 

LLOD and NC groups. However, LLOD subjects had significantly higher mean 

SBPs than their NC counterparts.  
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Table 1. Demographic and clinical characteristics of the subjects. 

 

NC  

(n = 27) 

LLOD 

 (n = 29) 
p-value 

Demographic characteristics    

Age (years) 68.70 ± 6.06 71.62 ± 5.08 0.055 

Gender (M/F) 14/13 8/21 0.063 

Education (years) 10.81 ± 4.52 8.69 ± 4.54 0.085 

APOE  ε4  carrier/noncarrier 5/22 3/26 0.462 

Clinical characteristics     

Age at onset of first MDE (years) - 68.2 ± 4.6 
 

Present MDE - 3  

Present minor depressive episodes - 5  

GDS-KR 5.85 ± 3.96 12.00 ± 5.76 <0.001* 

HRSD 1.22 ± 1.67 4.66 ± 3.95 <0.001* 

MADRS 1.70 ± 2.05 6.79 ± 5.57 <0.001* 

Use of antidepressant 0 29   

MCI diagnosis 0 14 <0.001* 

MCI subtype    

without MCI/ aMCI / naMCI 27/0/0 15/6/8 <0.001* 

VRF presence 19 (70.4) 20 (69.0) 0.909 

BMI (kg/m2) 24.85 ± 2.92 23.45 ± 3.16 0.092 

SBP (mmHg) 118.8 ± 9.8 126.5 ± 13.2 0.017* 
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DBP (mmHg) 79.6 ± 7.5 78.1 ± 8.6 0.515 

Abbreviations: NC = Normal Controls; LLOD = Late Life Onset Depression; MDE = Major 

Depressive Episode; GDS-KR = Korean version of the Geriatric Depression Scale; HRSD = Hamilton 

Rating Scale of Depression; MADRS = Montgomery-Åsberg Depression Rating Scale; VRF = 

Vascular Risk Factor; BMI = Body Mass Index; SBP = Systolic Blood Pressure ; DBP = Diastolic 

Blood Pressure; SD = Standard Deviation. 

NOTE. Data are presented as mean ± SD or numbers (%).  

* p < 0.05   
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1.2. Neuropsychological characteristics 

When neuropsychological measurements were compared between the groups, 

with age, gender, education and GDS-KR scores as covariates, LLOD subjects 

showed significantly greater impairment in multiple neurocognitive domains 

including attention (i.e., Stroop word and Stroop color tests), verbal episodic 

memory (i.e., word-list immediate memory), visuospatial praxis (i.e., 

constructional praxis), executive function (i.e., Stroop color-word test, verbal 

fluency [categorical]), and global cognition (i.e., Mini-mental State Examination 

[MMSE]) compared to NC subjects (Table 2). 

In the subgroup analysis, subjects with LLODwoMCI showed greater impairment 

on the constructional praxis, Stroop word, and Stroop color-word tests but not on 

other neuropsychological measures including memory function and global 

cognition in a comparison with the NC group that controlled for age, gender, 

education level, and GDS-KR scores. However, subjects with LLODMCI 

demonstrated significant differences compared to NC subjects not only with 

respect to visuospatial praxis, attention, and executive function but also in memory 

function and global cognition (Table 3). 
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Table 2. Neuropsychological characteristics of the subjects. 

 

NC  

(n = 27) 

LLOD 

 (n = 29) 
p-value 

MMSE  28.04 ± 1.81 25.28 ± 2.39 <0.001* 

Verbal fluency (category) 16.00 ± 4.17 12.17 ± 2.39 0.012* 

Boston naming 12.19 ± 1.71 11.55 ± 1.74 0.682 

Word-list immediate memory 17.56 ± 2.78 14.72 ± 2.60 0.020* 

Word-list recall 6.04 ± 1.32 4.86 ± 1.66 0.119 

Word-list recognition 9.33 ± 0.96 8.83 ± 1.79 0.804 

Constructional praxis 10.67 ± 0.88 8.83 ± 2.02 <0.001* 

Constructional recall 7.67 ± 2.87 4.97 ± 3.31 0.174 

Stroop word 67.19 ± 11.33 51.59 ± 13.29 0.002* 

Stroop color 57.52 ± 10.35 44.14 ± 14.20 0.008* 

Stroop color-word 43.78 ± 9.86 29.48 ± 9.11 <0.001* 

Abbreviations: NC = Normal Controls; LLOD = Late Life Onset Depression; MMSE = Mini-Mental 

State Examination; GDS-KR = Korean version of the Geriatric Depression Scale; SD = Standard 

Deviation.  

NOTE. Data are presented as mean ± SD. 

*Age, gender, education, GDS-KR score adjusted p < 0.05 
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Table 3. Comparison of neuropsychological characteristics between NC vs. 

LLODwoMCI and between NC vs. LLODMCI.  

 

NC  

(n = 27) 

LLODwoMCI 

(n = 15) 

LLODMCI 

 (n = 14) 

MMSE  28.04 ± 1.81 26.53 ± 1.92 23.93 ± 2.13* 

Verbal fluency (category) 16.00 ± 4.17 12.80 ± 2.31 11.50 ± 2.38 

Boston naming 12.19 ± 1.71 12.07 ± 2.05 11.00 ± 1.18 

Word-list immediate memory 17.56 ± 2.78 15.40 ± 2.38 14.00 ± 2.72* 

Word-list recall 6.04 ± 1.32 5.13 ± 1.68 4.57 ± 1.65* 

Word-list recognition 9.33 ± 0.96 9.00 ± 2.10 8.64 ± 1.45 

Constructional praxis 10.67 ± 0.88 9.47 ± 2.29* 8.14 ± 1.45* 

Constructional recall 7.67 ± 2.87 6.07 ± 3.84 3.79 ± 2.19* 

Stroop word 67.19 ± 11.33 53.53 ± 16.47* 49.50 ± 8.90* 

Stroop color 57.52 ± 10.35 47.87 ± 17.20 40.14 ± 9.09* 

Stroop color-word 43.78 ± 9.86 32.80 ± 10.60* 25.93 ± 5.61* 

Abbreviations: NC = Normal Controls; LLOD = Late Life Onset Depression; MCI = Mild Cognitive 

Impairment; LLODwoMCI = LLOD without MCI; LLODMCI = LLOD with MCI; MMSE = Mini-Mental 

State Examination; GDS-KR = Korean version of the Geriatric Depression Scale; SD = Standard 

Deviation.  

NOTE. Data are presented as mean ± SD. 

*Age, gender, education, GDS-KR score adjusted p < 0.05 
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2. Regional and global brain beta-amyloid burden assessed 

by 11C-PiB PET 

 

2.1. Regional and global PiB retention  

Compared to NC subjects, the LLOD group showed no significant differences in 

PiB retention in the frontal, lateral parietal, PC-PRC, lateral temporal, or BG 

regions or in mean cortical PiB retention values (Table 4, Figure 1A). The LLOD 

group had a larger number of PiB-positive subjects (48.3%) than the NC subject 

group (25.9%); however, this difference was not statistically significant. 

No significant differences were found between NC and LLODwoMCI participants 

with respect to the mean cortical and regional PiB retention values including in the 

frontal, PC-PRC, lateral temporal, and BG regions (Table 5, Figure 1B, Figure 2). 

However, compared to the NC group, the LLODMCI group had significantly higher 

mean global and regional cortical PiB retention values including in the frontal, 

lateral parietal, PC-PRC, and lateral temporal regions (Table 5, Figure 2).  
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Table 4. Regional and global PiB retention in LLOD and NC group. 

 

NC  

(n = 27) 

LLOD  

(n = 29) 
p-value 

Frontal cortex 1.20 ± 0.15 1.31 ± 0.34 0.112 

Lateral parietal cortex 1.08 ± 0.15 1.20 ± 0.32 0.077 

PC-PRC 1.23 ± 0.18 1.36 ± 0.36 0.084 

Lateral temporal cortex 1.15 ± 0.11 1.26 ± 0.30 0.068 

Basal ganglia 1.32 ± 0.14 1.38 ± 0.24 0.232 

Mean cortical PiB retention 1.18 ± 0.14 1.29 ± 0.32 0.087 

No. of PiB positive (%) 7 (25.9) 14 (48.3) 0.084 

Abbreviations: NC = Normal Controls; LLOD = Late Life Onset Depression; PiB = Pittsburgh 

Compound B; PC-PRC=Posterior Cingulate-Precuneus; SD = Standard Deviation. 

NOTE. Data are presented as mean ± SD or number (%). 
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Figure 1. Comparison of global PiB retention level between (A) subjects with NC 

vs. LLOD and (B) subjects with NC vs. LLOD without MCI. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abbreviations: NC = Normal Controls; LLOD = Late Life Onset Depression; MCI = Mild Cognitive 

Impairment; PiB = Pittsburgh Compound B; SUVR = Standard Uptake Value Ratio. 
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Table 5. Comparison of regional and global PiB retention between NC vs. 

LLODwoMCI and between NC vs. LLODMCI groups.  

 

NC 
 

(n = 27) 

LLODwoMCI 
 

 (n = 15) 

LLODMCI 
 

 (n = 14) 

p-value 

NC vs 
LLODwoMCI 

NC vs  
LLODMCI 

Frontal 
cortex 1.20 ± 0.15 1.21 ± 0.18 1.42 ± 0.44 0.572 0.028 

Lat. parietal  1.08 ± 0.15 1.14 ± 0.26 1.27 ± 0.38 0.487 0.012 

PC-PRC 1.23 ± 0.18 1.28 ± 0.29 1.45 ± 0.42 0.487 0.015 

Lat. 
temporal  1.15 ± 0.11 1.21 ± 0.17 1.33 ± 0.39 0.203 0.034 

Basal 
ganglia 1.32 ± 0.14 1.35 ± 0.15 1.43 ± 0.31 0.520 0.347 

Mean 
cortical PiB 
retention 

1.18 ± 0.14 1.21 ± 0.19 1.38 ± 0.41 0.487 0.022 

No. of PiB 
positive (%) 7 (25.9) 6 (40.0) 8 (57.1) 0.344 0.049 

Abbreviations: NC = Normal Controls; LLOD = Late Life Onset Depression; MCI = Mild Cognitive 

Impairment; LLODwoMCI = LLOD without MCI; LLODMCI = LLOD with MCI; PiB = Pittsburgh 

Compound B; PC-PRC = posterior cingulate-precuneus; SD = Standard Deviation. 

NOTE. Data are presented as mean ± SD or number (%). 
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Figure 2. Regional and global PiB retention level in subjects of NC, LLOD 

without MCI and LLOD with MCI groups.  

Abbreviations: NC = Normal Controls; LLOD = Late Life Onset Depression; MCI = Mild Cognitive 

Impairment; PiB = Pittsburgh Compound B; SUVR = Standard Uptake Value Ratio; PC-

PRC=Posterior Cingulate-Precuneus; BG=Basal Ganglia; LLOD_MCI = Late Life Onset Depression 

with Mild Cognitive Impairment. 

 

 



30 

2.2. Association between PiB positivity and vascular risks 

A comparison between PiB-positive (n = 21) and PiB-negative (n = 35) groups 

revealed no significant differences in the frequency of VRF presence (71.4% and 

68.6 %, respectively). In the LLOD group (n = 29), the frequency of VRF presence 

did not show a significant difference between 14 PiB-positive and 15 PiB-negative 

LLOD subjects (80.0% and 57.1%, respectively). In the NC group (n = 27), the 

frequency of VRF presence among 7 PiB-positive NC subjects was numerically 

higher than it was among 20 PiB-negative subjects (100% and 60%, respectively) 

but this difference was not statistically significant. BMI, SBP, and DBP did not 

differ between PiB-positive and PiB-negative subjects. 
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3. Plasma beta-amyloid protein level  

 

Compared to the NC group, LLOD subjects had relatively high mean values for 

plasma   Aβ1–42,   Aβ1–40, AβN-42, and   AβN-40 levels; however, these between-group 

differences were not significant (Table 6).   In   addition,   the   ratios  of  Aβ1–40/Aβ1–42 

and AβN-40/AβN-42 did  not  differ  between  the  two  groups.  Neither  Aβ1–42 and  Aβ1–40 

levels   in   plasma  nor   the  Aβ1–42/Aβ1–40 ratio showed significant group differences 

between the LLOD and NC groups after those with MCI were excluded from the 

LLOD group. 

There were no significant  differences  in  Aβ1–42,  Aβ1–40, AβN-42, or  AβN-40 levels in 

plasma, or in Aβ1–40/Aβ1–42 or AβN-40/AβN-42 ratios between the NC and LLODwoMCI 

groups (Table 7, Figure 3).   There  were   also   no   significant   differences   in  Aβ1–42, 

AβN-42,   or   AβN-40 levels, or in Aβ1–40/Aβ1–42 or AβN-40/AβN-42 ratios between the 

LLODMCI and NC groups. However, the LLODMCI group had a significantly higher 

level  of  plasma  Aβ1–40 than the NC group. 
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Table 6. Plasma Aβ protein level in LLOD and NC groups. 

 

NC  

(n = 27) 

LLOD  

(n = 29) 
p-value 

plasma  Aβ1-42 39.58 ± 7.82 43.51 ± 11.19 0.136 

plasma  Aβ1-40 176.03 ± 17.83 189.74 ± 35.68 0.073 

plasma  AβN-42 27.95 ± 6.05 30.56 ± 9.29 0.221 

plasma  AβN-40 186.81 ± 22.54 195.19 ± 39.34 0.330 

Aβ1-40 /  Aβ1-42 4.61 ± 1.03 4.60 ± 1.32 0.980 

AβN-40 /  AβN-42 7.05 ± 2.13 7.13 ± 3.44 0.915 

Abbreviations: NC = Normal Controls; LLOD = Late Life Onset Depression; Aβ = Beta-amyloid; SD 

= Standard Deviation. 

NOTE. Data are presented as mean ± SD. Plasma Aβ levels are shown as ng/L. 

 

 

 

 

 

 

 

 

 

 



33 

Table 7. Comparison of plasma Aβ protein level between NC vs. LLODwoMCI and 

between NC vs. LLODMCI groups. 

 
NC 

 
(n = 27) 

LLODwoMCI 
 

 (n = 15) 

LLODMCI 
 

 (n = 14) 

p-value 

NC vs 
LLODwoMCI 

NC vs  
LLODMCI 

plasma  Aβ1-42 39.58 ± 7.82 43.22 ± 10.71  43.81 ± 12.08  0.306 0.167 

plasma  Aβ1-40 176.03 ± 17.83 179.54 ± 35.05 200.67 ± 34.21 0.990 0.013 

plasma  AβN-42 27.95 ± 6.05 30.86 ± 8.49 30.24 ± 10.40 0.135 0.438 

plasma  AβN-40 186.81 ± 22.54 200.85 ± 45.49 189.12 ± 32.08 0.627 0.694 

Aβ1-40 /  Aβ1-42 4.61 ± 1.03 4.35 ± 1.14 4.87 ± 1.47 0.338 0.596 

AβN-40 /  AβN-42 7.05 ± 2.13 7.07 ± 2.82 7.21 ± 4.12 0.555 0.406 

Abbreviations: NC = Normal Controls; LLOD = Late Life Onset Depression; MCI = Mild Cognitive 

Impairment; LLODwoMCI = LLOD without MCI; LLODMCI = LLOD with MCI; Aβ = Beta-amyloid; 

SD = Standard Deviation. 

NOTE. Data are presented as mean ± SD. Plasma Aβ levels are shown as ng/L. 
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Figure 3. Plasma Aβ level of subjects in NC, LLOD without MCI and LLOD with 

MCI groups.  

Abbreviations: NC = Normal Controls; LLOD = Late Life Onset Depression; MCI = Mild Cognitive 

Impairment; LLOD_MCI = Late Life Onset Depression with Mild Cognitive Impairment; Aβ = Beta-

amyloid.  
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4. Factors associated with LLOD diagnosis  

 

To determine whether there was a significant association between amyloid 

deposition in the brain and the development of LLOD, a multiple logistic 

regression analysis with diagnostic group (LLOD vs. NC) as a dependent variable 

was performed. SBP, which differed significantly between the LLOD and NC 

groups, was added as a covariate in the regression model to control for the effects 

of vascular risks.  

When PiB positivity was entered as an independent variable in the logistic model 

with age, gender, education, and SBP as covariates, PiB positivity did not show any 

significant association with LLOD diagnostic state. However, SBP was 

significantly associated with LLOD diagnostic state even after age, gender, 

education, and PiB positivity were adjusted for in the same regression model 

(Table 8). 
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Table 8. Multiple logistic regression analysis. 

 
p-value Odds Ratio 

95% CI 

Lower Upper 

Age 0.080 1.111 0.987 1.250 

Gender 0.251 2.276 0.560 9.251 

Education 0.492 0.946 0.808 1.108 

PiB positivity 0.124 2.826 0.752 10.627 

SBP 0.034* 1.061 1.004 1.122 

Abbreviations: PiB = Pittsburgh Compound B; SBP = Systolic Blood Pressure; CI = Confidence 

interval. 

*p < 0.05 

Note. P value for Hosmer-Lemeshow Goodness-of-fit test was 0.849. 
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5. Structural brain imaging analysis 

 

5.1. Regional GM and hippocampal volume  

 

5.1.1. Comparison of regional GM volume  

In the VBM analysis comparing LLOD and NC subjects (at the uncorrected p < 

0.001 level, k > 20), LLOD subjects showed diffuse loss of GM volume in the 

bilateral frontal, temporal and parietal lobes including the lateral, medial prefrontal, 

and orbitofrontal cortices and posterior cingulate regions. After correction for 

multiple comparisons (FWE corrected p < 0.05, k > 20), LLOD subjects still 

exhibited significant loss of regional GM volume mainly in the bilateral prefrontal 

regions including the bilateral medial frontal and left orbitofrontal regions 

compared to NC subjects (Figure 4, Table 9). Among the clusters with significant 

reductions of GM volume in the LLOD group, the largest cluster in the right medial 

frontal region was set as the ROI for further analysis.  

When the medial prefrontal ROI volume was compared across NC, LLODwoMCI, 

and LLODMCI groups, a significant group difference was observed after controlling 

for age and gender (p < 0.001). In post-hoc comparison tests, LLODMCI and 

LLODwoMCI subjects both had significant reductions of GM volume in the regional 

cortical ROI relative to NC subjects (Sidak method, p < 0.001).  
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5.1.2. Comparison of normalized hippocampal volume   

Compared to the NC group, LLOD subjects had significantly reduced volumes of 

the bilateral hippocampi, which were scaled by ICV, after controlling for age and 

gender (Table 10). When normalized bilateral hippocampal volumes were 

compared across the NC, LLODwoMCI, and LLODMCI groups, a significant group 

difference was observed after controlling for age and gender (p = 0.018). In post-

hoc comparison tests, LLODwoMCI participants exhibited no significant volume 

reduction in the bilateral hippocampi compared to NC subjects (p = 0.522). 

However, the LLODMCI subjects had significantly reduced bilateral hippocampal 

volumes relative to the NC group (p = 0.015). 

 

5.2. Factors associated with regional GM and hippocampal 

volume loss in LLOD    

To investigate the association between medial prefrontal ROI volume loss in 

LLOD and amyloid deposition in the brain, a univariate analysis was performed 

with medial prefrontal ROI volume as a dependent variable, PiB positivity as an 

independent variable, and age, gender, and presence of VRF as covariates. PiB 

positivity was not significantly associated with loss of medial prefrontal ROI 

volume in LLOD (p = 0.985) after controlling for age, gender, and presence of VRF. 

However, presence of VRF was significantly associated with medial prefrontal ROI 

volume (p = 0.038) after controlling for age, gender, and PiB positivity. 
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In a univariate analysis with normalized bilateral hippocampal volume as a 

dependent variable and age, gender, and PiB positivity as covariates, presence of 

VRF was not significantly associated with bilateral hippocampal volume (p = 

0.421). Similarly, PiB positivity was not significantly associated with bilateral 

hippocampal volume (p = 0.757). 
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Figure 4. The result of voxel-based morphometry (VBM) analysis showing group 

difference between LLOD vs. NC groups: (A) uncorrected p < 0.001, k > 20, (B) 

FWE corrected p < 0.05, k > 20. 

 

Abbreviations: NC = Normal Controls; LLOD = Late Life Onset Depression; FWE = Family-wise 

Error.  
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Table 9. Anatomical regions shown group difference of GM volume between 

LLOD and NC groups (FWE corrected p < 0.05, k > 20). 

Anatomical regions Side BA 

Peak coordinates 

(MNI) 
Cluster 

size 
T-value 

x y z 

NC > LLOD        

Medial frontal gyrus R 9 11 57 9 1519 6.05 

Medial frontal gyrus L 10 -18 50 4 188 5.35 

Inferior frontal gyrus L 47 -20 35 -26 244 5.28 

        

NC < LLOD        

No suprathreshold clusters 

Abbreviations: NC = Normal Controls; LLOD = Late Life Onset Depression.  
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Table 10. Hippocampal volume between LLOD and NC groups. 

 

NC 

(n = 27) 

LLOD 

(n = 29) 
p-value 

Raw volume     

Left hippocampus  3666 ± 398 3275 ± 399 0.018* 

Right hippocampus 3540 ± 434 3144 ± 428 0.029* 

Bilateral hippocampi 7206 ± 795 6419 ± 801 0.017* 

ICV 1325254 ± 123391 1278414 ± 106087 0.879 

Normalized volume scaled by ICV 

Left hippocampus 0.0028 ± 0.0002 0.0026 ± 0.0003 0.019* 

Right hippocampus 0.0027 ± 0.0002 0.0025 ± 0.0003 0.040* 

Bilateral hippocampi 0.0054 ± 0.0004 0.0050 ± 0.0006 0.020* 

Abbreviations: NC = Normal Controls; LLOD = Late Life Onset Depression ; ICV = Intracranial 

Volume.  

NOTE. Data are presented as mean ± SD. Raw volumes are shown as mm3. 

*Age and gender adjusted p < 0.05. 
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5.3. WM integrity and WMH volume  

 

5.3.1. TBSS analysis 

Participants with LLOD showed significantly reduced FA values in the WM of 

the bilateral frontal, parietal, and temporal lobes including the superior longitudinal 

fasciculus, corpus callosum, cingulate bundles, and uncus at a corrected level of p 

< 0.05 (Figure 5). With respect to MD values, no significant between-group 

differences were found. 

When LLOD subjects without MCI were compared to the NC group, FA values 

were significantly reduced in the right prefrontal WM region and the genu of the 

corpus callosum as well as in the superior longitudinal fasciculus in the parietal 

WM. Meanwhile, the LLOD with MCI group showed decreased FA values in 

diffuse bilateral WM tracts including the bilateral uncinate, the superior 

longitudinal fasciculus, and the corpus callosum at a corrected level of p < 0.05 

(Figure 6). 

 

5.3.2. WMH volume 

Compared to the NC group, LLOD subjects did not show significant differences 

in frontal, parietal, temporal, or occipital WMH volumes. In addition, they did not 

show significant differences in periventricular and deep WMH volumes compared 

to the NC group (Table 11). 



44 

Figure 5. Comparison of FA map of white matter between LLOD and NC subjects. 

Red color indicates the regions that LLOD showed significantly lower FA values 

compared to NC group (FWE corrected p < 0.05). 

 

Abbreviations: NC = Normal Controls; LLOD = Late Life Onset Depression; FWE = Family-wise 

Error; FA = Fractional Anisotropy 
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Figure 6. Comparison of FA map of white matter between (A) LLOD without MCI 

and NC subjects and (B) LLOD with MCI and NC subjects. Red color indicates the 

regions that LLOD without MCI group showed significantly lower FA values 

compared to NC group (FWE corrected p < 0.05). 
(A) NC > LLOD without MCI  

(B) NC > LLOD with MCI 

Abbreviations: NC = Normal Controls; LLOD = Late Life Onset Depression; MCI = Mild Cognitive 

Impairment; FWE = Family-wise Error; FA = Fractional Anisotropy 
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Table 11. WMH volume between LLOD and NC groups. 

 

NC 

(n = 19) 

LLOD 

(n = 29) 
p-value 

Normalized volume scaled by ICV 

Frontal WMH 0.0015 ± 0.0018 0.0019 ± 0.0013 0.373 

Parietal WMH 0.0004 ± 0.0005 0.0006 ± 0.0005 0.438 

Temporal WMH 0.0007 ± 0.0005 0.0006 ± 0.0004 0.408 

Occipital WMH 0.0002 ± 0.0002 0.0002 ± 0.0002 0.631 

Periventricular WMH 0.0033 ± 0.0023 0.0040 ± 0.0021 0.270 

Deep WMH 0.0012 ± 0.0012 0.0011 ± 0.0008 0.639 

Abbreviations: NC = Normal Controls; LLOD = Late Life Onset Depression ; ICV = Intracranial 

Volume.; WMH=White Matter Hyperintensity 

NOTE. Data are presented as mean ± SD.  
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IV. Discussion 

 

In this study, when brain Aβ deposition level measured by 11C-PiB PET was 

compared between LLOD and NC groups, no significant differences were found in 

regional or global PiB retention or PiB positivity rate. In addition, no significant 

differences were found in plasma Aβ protein levels between the two groups. In 

contrast, mean SBP was significantly higher in the LLOD group than among NC 

subjects. In multiple regression analyses, PiB positivity was not significantly 

associated with LLOD diagnostic status when age, education, gender, and SBP 

were controlled for as covariates; however, SBP was significantly associated with 

LLOD diagnostic status even after controlling for age, education, gender, and PiB 

positivity as covariates. In the subgroup analysis, LLODwoMCI participants did not 

show significant differences compared to NC subjects with respect to cerebral 

amyloidosis as measured by both direct (i.e., 11C-PiB PET) and indirect means (i.e., 

plasma   Aβ   level), suggesting that cerebral amyloidosis may not be a major 

contributor to the onset of depressive symptomatology in late life when cognitive 

impairment such as MCI is not present. However, LLODMCI subjects showed 

significantly higher global and regional PiB retention and Aβ1-40 levels in plasma 

compared to the NC group, suggesting that a different etio-pathophysiology may be 

involved in the development of LLOD among individuals with MCI than among 

those without MCI.  
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Previous studies that have used amyloid PET imaging to investigate late life 

depression have reported mixed results (11, 19, 20). One previous study that used 

11C-PiB PET to compare  Aβ  deposition  in  the brain between participants who first 

experienced depression after the age of 50 and NC reported a lack of an association 

between cerebral amyloidosis and prior LLOD diagnosis (19); The results of 

present study are consistent with these findings. Another previous study that used 

11C-PiB PET reported that subjects with late life depression who did not have a 

diagnosis of either dementia or MCI had amyloid deposition levels in the brain 

similar to those of NC subjects (11). In contrast, subjects in late life depression 

with MCI showed increased levels of amyloid deposition in the brain, suggesting 

that the level of deposition may be associated with a diagnosis of MCI (11). In 

addition, a recent study that used 18F-Flobetapir PET reported no significant 

differences in global cortical SUVR between participants with a prior history of 

major depressive episode in their lifetime and NC subjects; however, regional 

SUVR levels in cortical regions including the parietal cortex and precuneus were 

higher among participants with a prior history of major depressive episodes 

compared to the NC group (20).  

Such mixed results may be due to methodological differences, including the use 

of different amyloid PET tracers (i.e., 11C-PiB vs. 18F-Flobetapir). In addition, 

participant characteristics differed between the two studies; the previous study 

included subjects whose age of onset ranged between 21 and 68 years of age, and 

may have included participants with both early-onset depression and LLOD. 
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However, we included only participants who first experienced MDE at the age of 

60 years or older to exclude participants with early-onset depression that recurred 

late in life. Moreover, we performed subgroup analyses of LLOD to consider the 

presence of MCI and found that, among LLOD subjects, those who had a comorbid 

MCI diagnosis tended to have higher cerebral amyloidosis levels, whereas those 

without MCI did not differ from the NC group. Such different patterns of cerebral 

amyloidosis between LLODwoMCI and LLODMCI participants may explain the mixed 

results of previous studies.  

With regard to the measurement of  Aβ  levels  in  plasma, LLOD subjects did not 

exhibit significant differences compared to the NC group. This finding is consistent 

with our   finding  of  no   significant  differences   in  Aβ  accumulation   in   the  brain  as  

measured by 11C-PiB PET. There are discrepancies between the findings of the 

present study and the results of previous studies that have reported an association 

between  Aβ  levels in plasma and late life depression (15–17). The previous studies 

found  a  lower  plasma  Aβ1–42 concentration and a higher Aβ1–40/Aβ1–42 ratio among 

elderly participants with depressive symptoms. However, differences in 

methodology of plasma Aβ measurements between the previous reports and the 

present study should be considered when interpret the results of plasma Aβ 

measurements. Differences in characteristics of participants also have to be 

considered. The previous studies defined late life depression using self-report score 

on depression (i.e., CES-D), not using clinical diagnosis of major depressive 

episode according to DSM-IV criteria. In addition, previous studies did not exclude 
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subjects whose onset age of depression is not over 60 years old, thus there are 

possibility that subjects with early onset depression who recurred at late life period 

might be included in the previous studies. Moreover, one previous study only 

excluded patients with MMSE scores lower than 10, thereby possibly including 

elderly participants with dementia (17). 

In the present study, LLODMCI subjects had higher Aβ1–40 levels in plasma 

compared to the NC group, whereas LLODwoMCI subjects did not differ 

significantly from the NC group with respect to any of the Aβ-related 

measurements. Previous studies that measured this parameter in a cognitively 

normal population reported that high baseline levels combined with low levels of 

Aβ1–42 in plasma were associated with an increased risk of developing AD (12, 14). 

Considering the results of these previous studies, increased Aβ1–40 levels in 

LLODMCI subjects may be associated with an underlying AD-spectrum 

pathophysiology. Therefore, it may be necessary to consider the proportion of 

subjects with comorbid MCI or a diagnosis of AD dementia in interpreting the 

inconsistent findings across studies.  

In exploring the structural changes in the brain that accompanied LLOD, a 

significant reduction of GM volume mainly in the medial prefrontal region as well 

as a diffuse reduction of WM integrity in the bilateral hemispheres was observed 

among subjects with LLOD compared to the NC group. Both the VBM and TBSS 

analyses revealed structural changes in prefrontal regions in both the LLODwoMCI 

and LLODMCI subgroups, suggesting that structural changes in prefrontal regions 
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may be involved in the development of LLOD irrespective of MCI diagnosis. In 

the subgroup analysis, differences between the NC and LLODMCI groups with 

respect to regional WM changes were greater and more widespread than those 

between the NC and LLODwoMCI groups, indicating that more severe structural 

changes in the brain may be associated with a comorbid diagnosis of MCI among 

individuals with LLOD. In addition, the medial prefrontal ROI volume in the 

LLOD group showed a significant association with the presence of VRF whereas 

PiB positivity did not show a significant association, suggesting that vascular risks 

but not cerebral amyloidosis may play an important role in loss of medial 

prefrontal GM volume. 

There were some limitations to this study. First, because it had a cross-sectional 

design, it was not able to provide information on the prognosis of LLOD such as 

conversion rates from cognitively normal to MCI to dementia. Further research that 

incorporates a longitudinal follow-up of LLOD subjects to investigate conversion 

rates for dementia is needed. Second, as the sample size was initially calculated to 

detect differences between the NC and LLOD groups, the sample size for 

comparisons involving LLOD subjects with and without MCI was limited. Third, 

all of the LLOD subjects were under pharmaco-therapeutical treatment in the form 

of antidepressants; hence, the possibility that medications might affect the results 

of the present study cannot be completely ruled out.  

One of the strengths of the present study was that it used a strict definition of 

LLOD as well as a comprehensive, standardized clinical assessment. Only subjects 



52 

who experienced LLOD that met the full criteria of DSM-IV MDE, and not late life 

depression, were included, in an effort to minimize the effects of early-onset 

depression. In addition, a comprehensive and standardized clinical assessment 

provided detailed clinical information pertaining to various factors such as MCI 

diagnosis and vascular risks. Moreover, cerebral amyloidosis levels were evaluated 

using both direct (i.e., 11C-PiB PET) and indirect methods (i.e., plasma  Aβ   level)  

and multimodal imaging analyses including VBM and TBSS analysis were 

conducted. Such comprehensive assessment of cerebral amyloidosis and structural 

changes in the brain of LLOD subjects may help to elucidate the underlying 

pathophysiology of LLOD.  

In conclusion, no significant differences were found in regional and global PiB 

retention or in beta-amyloid protein levels in plasma between LLOD and NC 

subjects, although a subset of LLOD subjects with a diagnosis of MCI showed 

evidence of increased levels of cerebral amyloidosis. These findings suggest that 

cerebral amyloidosis per se is probably not a major contributor to LLOD, but may 

be involved in the underlying pathophysiology of a subset of LLOD individuals 

with MCI. 
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요약(국문초록) 

 

서론: 본 연구에서는 노년기 발병 우울증의 원인과 관련하여 

알츠하이머병의 원인이 되는 뇌 베타 아밀로이드 침착이 노년기 발병 

우울증의 발생에 기여하는지를 탐색하고자 하였다. 이에 노년기 발병 

우울증군과 정상 대조군 간의 뇌 베타 아밀로이드 침착도와 혈장 베타 

아밀로이드 농도 차이를 비교 검증함으로써 노년기 발병 우울증과 뇌 

베타 아밀로이드 병리 사이의 관련성을 규명하고 노년기 발병 

우울증에서 나타나는 뇌 구조적 변화를 탐색하고자 하였다. 

 

방법: 노년기 발병 우울증군으로 치매가 아니면서, 60세 이후 첫 

발병한 DSM-IV 기준 주요우울증의 병력이 있는 대상자를 모집하였다. 

정상 대조군으로는 역시 치매가 아니면서, DSM-IV 주요우울증의 

과거력 없고 현재 동반된 상태 아니며, 한국판 노인 우울 척도 점수가 

16점 이하인 대상자를 모집하였다. 두 군 모두 포괄적 임상 및 

신경심리평가 및 APOE 유전자형 검사, 뇌 MRI 촬영을 시행하였으며 

뇌 [11C]-PiB PET을 이용하여 뇌 베타 아밀로이드 단백질 침착도를 

측정하고, 혈장 베타 아밀로이드 농도를 측정하였다.  
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결과: 정상 대조군과 비교하여 노년기 발병 우울증 군은 대뇌 전반 및 

국소 베타 아밀로이드 단백질 침착도와 혈장 베타 아밀로이드 단백질 

농도 모두에서 유의한 차이를 보이지 않았다. 반면, 혈관성 요인과 

관련된 변인 중에서 수축기 혈압이 노년기 발병 우울증 군에서 정상 

대조군에 비해 유의하게 높은 것으로 관찰되었다. 경도인지장애 동반 

유무에 따라 분석하였을 때, 경도인지장애를 동반하지 않은 노년기 발병 

우울증에서는 대뇌 및 혈장 베타 아밀로이드 농도 모두 정상 대조군과 

비교하여 유의한 차이가 없었으나, 경도인지장애를 동반한 노년기 발병 

우울증군에서는 정상대조군에 비해 대뇌 베타 아밀로이드 침착도의 증가 

및 혈장 베타 아밀로이드 단백질 1-40의 증가가 관찰되었다. 로지스틱 

회귀 분석 결과, 베타 아밀로이드 단백질 침착 여부의 경우 연령, 성별, 

교육수준과 함께 수축기 혈압을 통제하였을 때 노년기 발병 우울증 

진단과 유의한 연관성을 보이지 않은 반면, 같은 모델에서 수축기 

혈압은 노년기 발병 우울증 여부와 유의한 연관성을 보였다. 구조적 

뇌영상 분석 결과, 노년기 발병 우울증 군에서 정상대조군에 비해 주로 

전전두영역을 포함한 영역에서 회백질 용적의 감소 및 백질 연결성의 

저하가 관찰되었다. 
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결론: 본 연구 결과, 노년기 발병 우울증군에서 [11C]-PiB PET로 

측정한 뇌 베타 아밀로이드 침착도 및 및 혈장 베타 아밀로이드 농도를 

정상대조군과 비교하였을 때 유의한 차이가 나타나지 않았다. 그러나 

노년기 발병 우울증 군 중 경도인지장애가 동반된 경우에는 뇌 베타 

아밀로이드 침착도 및 및 혈장 베타 아밀로이드 농도의 상승소견이 

관찰되었다. 이러한 결과는 뇌 베타 아밀로이드 병리 그 자체는 

전반적인 노년기 발병 우울증의 발생을 공통적으로 설명할 수 있는 

주요인은 아니나, 경도인지장애가 동반된 경우에는 노년기 발병 우울증 

발병에 베타 아밀로이드 병리가 영향을 미칠 수 있음을 시사한다. 

---------------------------------------- 

주요어: 노년기 발병 우울증; 아밀로이드; PiB-PET; 혈중 베타 

아밀로이드 단백질 농도; 혈관성 위험 요인 
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