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Abstract  The association between depression and 
dementia, particularly Alzheimer’s disease (AD) and 
cerebrovascular disease (CVD), remains an active 
area of research. This study aimed to investigate the 
relationship between a history of depression and bio-
markers of AD and CVD in patients with dementia 
in a clinical setting. A total of 126 patients from the 
University Health Network (UHN) Memory Clinic 
with comprehensive clinical evaluations, including 
neuropsychological testing and medical examina-
tions, were included. Lumbar puncture was per-
formed to collect cerebrospinal fluid (CSF) for 

biomarker analysis, and brain magnetic resonance 
imaging (MRI) scans were obtained to assess white 
matter hyperintensity (WMH) burden. The pres-
ence of depression was determined through medical 
records. The study findings did not reveal significant 
differences between participants with and without 
a history of depression in terms of AD biomarkers, 
WMH burden, neurofilament light chain levels, cog-
nitive scores, age of symptom onset, disease duration, 
or vascular risk scores. Logistic regression analy-
sis did not indicate a meaningful predictive value 
of these variables for depression status. This clini-
cal study contributes to our understanding regarding 
the association between depression and AD/CVD 
biomarkers in patients with cognitive impairment. 
Further research is needed to elucidate the complex 
relationship between depression and dementia and to 
explore the potential mechanisms linking depression, 
AD, and CVD.

Keywords  Major depressive disorder · Alzheimer’s 
disease · Cerebrovascular disease · Cerebrospinal 
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Introduction

A growing body of research has explored the asso-
ciation between depression and dementia where 
individuals with a history of depression are not 
only at an increased risk of developing dementia, 
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particularly Alzheimer’s disease (AD), but also 
have been reported to demonstrate accelerated cog-
nitive decline [1–3]. The cognitive domains most 
consistently affected by depression include atten-
tion, executive functioning, processing speed, and 
memory [4]. The severity and extent of cognitive 
deficits in individuals with depression can vary 
widely, depending on factors such as the severity of 
the depressive episode, age, and comorbidities [5]. 
Moreover, while some cognitive impairments may 
persist even after the resolution of depressive symp-
toms, others may improve with successful treatment 
of depression [6].

Rather than a risk factor, one theory posits that 
depression may be an early symptom of AD [7]. In 
this view, depressive symptoms could arise from the 
same neurobiological changes that eventually lead 
to AD, such as amyloid-beta (Aβ) accumulation, tau 
pathology, and neuronal loss [8]. In older individuals 
without cognitive deficits, depression has been corre-
lated with increased amyloid burden [9, 10]. Further-
more, higher levels of plasma Aβ42 have been linked 
to the development of late-life depression and the 
progression to AD [11].

Cerebrovascular disease (CVD), as represented 
by white matter hyperintensities (WMH), has been 
increasingly recognized as an important factor asso-
ciated with AD. WMH are commonly observed on 
brain magnetic resonance imaging (MRI) scans and 
represent areas of white matter injury, often resulting 
from small vessel ischemic disease or other vascular-
related changes [12].

The relationship between WMH and AD is com-
plex, with several potential mechanisms linking the 
two conditions. First, WMH might contribute to the 
development of AD by disrupting the brain’s struc-
tural and functional connectivity, leading to cognitive 
decline and increased vulnerability to neurodegen-
erative processes [13]. Second, CVD and AD share 
common risk factors, such as hypertension, diabetes, 
and dyslipidemia, which can independently affect the 
brain’s vasculature and contribute to both WMH and 
AD pathology [14, 15]. Moreover, the presence of 
WMH may exacerbate the cognitive decline in AD by 
affecting the brain’s ability to compensate for the neu-
ronal damage caused by AD pathology [16]. Some 
studies have found that individuals with both AD and 
WMH show a more rapid cognitive decline than those 
with AD alone [17].

There is also a significant relationship between 
CVD and depression as several studies demonstrate 
that CVD increases the risk of developing depres-
sive symptoms, particularly in older adults [18, 19]. 
The mechanisms underlying the relationship between 
CVD and depression are multifaceted and may 
involve both direct and indirect pathways. Directly, 
CVD can result in ischemic lesions or WMH in brain 
regions involved in mood regulation, such as the pre-
frontal cortex, anterior cingulate cortex, and limbic 
system, thereby increasing the risk of depression [20, 
21]. Additionally, CVD can disrupt the brain’s struc-
tural and functional connectivity, potentially affecting 
mood-regulating networks [22].

Indirectly, CVD may contribute to depression 
through shared risk factors, such as hypertension, dia-
betes, smoking, and obesity [23]. These risk factors 
can have adverse effects on both vascular and neu-
ral functioning, which may increase susceptibility to 
depressive symptoms. Furthermore, the presence of 
CVD may lead to increased disability, reduced quality 
of life, and social isolation, all of which could con-
tribute to the development or exacerbation of depres-
sion [19].

To date, much of the research surrounding depres-
sion and either AD or CVD is conducted with partici-
pants specifically recruited for research studies. While 
there are strengths to this approach, there are several 
advantages to using a sample of clinical care or “real-
world” patients. First, research study participants are 
often selected based on strict inclusion and exclusion 
criteria, potentially leading to a more homogenous 
sample that may not accurately represent the broader 
population of individuals with dementia [24]. Fur-
thermore, research studies that recruit volunteers may 
be prone to selection bias, as individuals who choose 
to participate in such studies might be more moti-
vated, have better access to healthcare, or have higher 
levels of education and social support [25]. Further-
more, it has been shown repeatedly that there is a lack 
of diversity in these studies, which comprised higher 
than census White participants and less women than 
seen in disease demographics when it comes to AD 
[26, 27]. This self-selection can limit the generaliz-
ability of the study findings. Conversely, clinical care 
patients may provide a more representative sample 
of the general dementia population, as they are not 
self-selected based on interest or motivation to par-
ticipate in research. A disadvantage of employing a 
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clinical care-based study approach is that clinical care 
patients with dementia may represent a more clini-
cally severe cohort with more comorbid medical con-
ditions compared to individuals recruited for research 
studies [28].

The aim of our study was to examine the associa-
tion between a history of depression and biomarkers 
of AD and CVD in patients with cognitive impair-
ment in a clinical “real-world” setting.

Materials and methods

Sample

The 126 patients included in this study presented to 
the UHN Memory Clinic (Toronto, ON, CA) with 
cognitive concerns and subsequently underwent a 
lumbar puncture for investigation of AD biomarkers. 
Given the exploratory nature of our study, no power 
analysis was conducted, as we included all patients 
who consented to participating. Individuals under-
went a comprehensive clinical evaluation by a team 
of licensed medical professionals (neurologists, geri-
atric psychiatrists, geriatricians, nurse, social work, 
and occupational therapy), which included neuropsy-
chological testing (i.e., Toronto Cognitive Assess-
ment [29] or Montreal Cognitive Assessment [30]) 
and medical examination (i.e., history and physical). 
Patients were followed longitudinally with regular 
biannual visits. We conducted a retrospective review 
of clinical charts and obtained the following data: 
demographics (age, sex, education, and ethnicity), 
age of symptom onset, disease duration, medical 
comorbidities, and anti-depressant use. Informed con-
sent was obtained from patients prior to data access.

Diagnosis of depression

As part of the diagnostic evaluation for patients pre-
senting with memory concerns, the contribution of 
affective disorders, such as major depressive disorder, 
was assessed. A thorough history of previous psychi-
atric illness was also obtained. In our study, we clas-
sified patients positive for a history of depression by 
the presence of a past major depressive disorder diag-
nosis in their medical record. None of the patients 
included were actively depressed.

CSF collection and analysis

All patients underwent lumbar puncture and cer-
ebrospinal fluid (CSF) analysis as part of their diag-
nostic evaluation. An ELISA was used to measure 
concentrations of Aβ42 (Innotest β-amyloid (1–42), 
Fujirebio), phosphorylated-tau (Innotest phospho-tau 
(181p), Fujirebio), and total-tau (Innotest hTAU-Ag, 
Fujirebio), and the results were interpreted accord-
ing to clinically validated guidelines (Athena Diag-
nostics). CSF biomarkers were considered consist-
ent with AD diagnosis (AD+) if phosphorylated 
tau > 68 pg/mL and Aβ42 to total tau index (ATI; 
calculated as (Aβ1–42)/(240 + 1.18 (t-tau))) < 0.8 
[31–33]. A single molecule array (SIMOA) (Simoa 
NF-Light (SR-X) Advantage Kit or Simoa® Neuro 
2-Plex B Advantage Kit) was used to measure con-
centration of neurofilament light chain (NfL), a non-
specific marker of neurodegeneration [34].

Assessment of WMH burden

Clinical MRI imaging conducted within 6 months 
of CSF collection as part of routine diagnostic work-
up was obtained for all participants. All of the fluid-
attenuated inversion recovery (FLAIR) scans were 
examined by a trained neurologist (MCT) and classi-
fied according to the Fazekas scale [35]. For a sub-
set of participants (n = 39), WMH volumes were 
also obtained from the raw FLAIR scans using an 
automated lesion segmentation approach. Lesions 
were segmented by the lesion prediction algorithm 
(Schmidt, 2017, Chapter 6.1), as implemented in the 
LST toolbox version 3.0.0 (www.​stati​stical-​model​
ling.​de/​lst.​html) for SPM, at an initial threshold of 0.5 
based on a Dice coefficient.

Cognitive testing

All patients underwent neuropsychological test-
ing consisting of a Toronto Cognitive Assessment 
(TorCA) [29] at initial consult followed by Montreal 
Cognitive Assessments (MoCA) at 6-month follow 
ups. When deemed clinically necessary, the TorCA 
was repeated at follow up. The TorCA is a stand-
ardized neuropsychological test that is designed to 
detect changes [29]. Normative data for the TorCA 
were derived from large samples (n = 303) of healthy 
individuals spanning different age groups, education 

http://www.statistical-modelling.de/lst.html
http://www.statistical-modelling.de/lst.html
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levels, and other demographic factors [29]. Cogni-
tive testing conducted within 6 months of the LP was 
used to assign participants a global cognitive score 
as a measure of global impairment. For the cogni-
tive scores, Z scores were calculated using either the 
TorCA or MoCA for each participant depending upon 
which test was closest to the lumbar puncture.

Vascular risk score

Patients were considered to have vascular risk fac-
tors if any of the following conditions were present in 
their medical records: myocardial infarction, angina, 
history of smoking, hypertension, stroke, hypercho-
lesterolemia, diabetes, or use of anti-hypertensive 
medication [69]. A vascular risk score was calculated 
for each patient by summing the number of vascular 
risk factors present.

Statistical analysis

Statistical analysis was conducted using SPSS soft-
ware (IBM SPSS 28). To identify group differ-
ences between those with a history of depression 
(Past Depression+) and those without (Past Depres-
sion− among demographics, age of symptom onset, 
AD status, WMH lesion volume, NfL levels, cogni-
tive scores, and vascular scores, two-tailed independ-
ent sample t-test were used for continuous variables 
and chi-square test for categorical variables. An alpha 
of 0.003 denoted statistical significance after correct-
ing for multiple comparisons.

A binary logistic regression model was used with 
depression status as the dependent variable. Age of 
symptom onset, WMH lesion volume (denoted as 
WMH in the model), NfL level, and cognitive scores 
were included as continuous predictor variables. Sex 
and AD status were included as categorical predictor 
variables.

Results

Participants

We obtained a sample of convenience consisting 
of 126 patients seen from October 2012 to Febru-
ary 2022, who had cognitive complaints, under-
went CSF analysis for assessment of AD, agreed to 

contribute CSF to a research study on neurodegen-
erative diseases, and were diagnosed with a neuro-
degenerative disease as the cause of their cognitive 
impairment. All the patients included met criteria 
for dementia. The patients’ diagnoses were made 
according to the latest criteria and included AD [36], 
FTD and related FTD disorders [37, 38], vascular 
dementia [39], Lewy Body disease [40], and Par-
kinson’s disease [41]. Fig. 1 summarizes participant 
inclusion and exclusion and provides a breakdown 
of diagnosis categories for the patients included 
in our study. In brief, we excluded a total of 41 
patients: 23 patients with MRI results that showed 
co-morbid pathologies that prevented accurate 
delineation of WMH (e.g., amyloid angiitis, and cer-
ebral amyloid angiopathy); 7 patients whose cogni-
tive impairment is not related to a neurodegenerative 
process (i.e., psychiatric, neurodevelopmental, or 
related to a traumatic brain injury); 6 patients whose 
clinical diagnoses were still being investigated/not 
confirmed at study onset; and 5 patients with subjec-
tive cognitive impairment. Table  1 provides demo-
graphic information of the 20 Past Depression+ 
patients and 65 Past Depression− patients. The sam-
ple was composed of predominantly White individu-
als (69.4%). Age, sex, self-reported race/ethnicity, or 
education did not differ between Past Depression+ 
and Past Depression− patients. Most patients in both 
groups were diagnosed with AD; however, FTD and 
related disorders, Lewy Body disease, Parkinson’s 
disease, and vascular dementia were also observed. 
This study was approved by the Research Ethics 
Board of the University Health Network, and written 
consent was obtained from all participants.

CSF biomarkers, WMH, cognitive performance, and 
vascular risk score

Table  2 summarizes the CSF biomarker, WMH 
lesion volume, cognitive performance and vascular 
risk scores in Past Depression+ and Past Depres-
sion−. Past Depression+ had a higher incidence 
of anti-depressant use compared to Past Depres-
sion− (X2(1, N = 85) = 14.6, p < 0.001). All Past 
Depression− who used anti-depressants (n = 13) did 
so for the off-label treatment of anxiety. No differ-
ences were observed in AD status, age of symptom 
onset, cognitive score, WMH lesion volume, vascu-
lar risk score, or NfL levels. Trends towards higher 
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Fazekas scores in Past Depression− patients and a 
higher proportion of females with depression in Past 
Depression+ patients. However, these trends did not 
meet statistical significance after correcting for multi-
ple comparisons.

Binary logistic regression

Table 3 summarizes the results of the binary logistic 
regression model. Age of symptom onset, sex, AD 

status, WMH lesion volume, NfL levels, cognitive 
score, or vascular risk scores were not statistically 
significant predictors of depression status.

Discussion

Our study focused on a sample of memory clinic 
patients with cognitive impairment to examine the 
association of past depression and several CSF and 

TWH Memory Clinic 
Patients (N=126)  Excluded (N=41) 

• NPH (n=18) 

• Unknown/Unclear Aetiology (n=6) 

• Amyloid angiitis (n=1)  

• CAA (n=1) 

• Central Pontine Myelinolysis (n=1) 

• MS (n=1) 

• Neurodevelopmental disorder (n=1) 

• Pituitary tumor (n=1) 

• Cognitive impairment due to underlying 

psychiatric condition (n=5) 

• Traumatic Brain Injury (n=1) 

• Subjective Cognitive Impairment (n=5) 

Analyzed Sample (N=85)  

Past Depression+ (N=20) 
• AD (n=14) 

• LBD (n=2) 

• FTD and related 

FTD disorders 

(n=3) 

• VaD (n=1) 

Past Depression- (N=65)  
• AD (n=38) 

• LBD (n=2) 

• FTD and related FTD 

disorders (n=19) 

• Mixed Dementia (n=2) 

• AD + VaD (n=1) 

• AD + LBD (n=1) 

• PD (n=2) 

• VaD (n=2) 

Fig. 1   Patient inclusion

Table 1   Patient 
demographics

Past Depression+ (N 
= 20)

Past Depression− (N 
= 65)

p-value

Age (years), mean (SD) 65.3 (7.33) 66.3 (9.50) 0.674
Sex (M:F) 5:15 35:30 0.039
Education (years), mean (SD) 12.1 (5.44) 14.2 (3.42) 0.057
Self-reported race, total white (%) 15 (75.0) 44 (67.7) 0.767
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imaging biomarkers of AD, CVD, and neurodegen-
eration. We did not observe significant differences 
between Past Depression+ and Past Depression− par-
ticipants in AD biomarkers, WMH burden, NfL lev-
els, age of symptom onset, disease duration, vascular 
risk scores, or cognitive scores. Furthermore, these 
variables did not meaningfully predict depression 
status.

The relationship between depression and demen-
tia is complex, with various hypotheses suggesting 
that depression may be an early symptom, reaction, 

or even a causal factor for dementia (Lenoir et  al., 
2011). Butters et al. [41] proposed the “multiple path-
ways model,” which considers brain and cognitive 
reserve. Depression is proposed to damage neurons 
through various mechanisms, including vascular dis-
ease [42], inflammation [43], elevated glucocorticoid 
production [44], and amyloid deposition [45]. These 
pathways lower reserve, leading to earlier or more 
frequent cognitive impairment contributing to demen-
tia. The synergistic nature of these processes may 
explain the variability in presentation.

Table 2   Comparison of CSF and neuroimaging biomarkers, cognitive testing, and vascular risk score

Past Depression+ (N = 20) Past Depression− (N = 65) p-value

AD status, total positive (%) 15 (75.0) 48 (73.8) 1.000
Aβ42 (pg/mL) 437.1 (178.6) 456.3 (213.4) 0.717
P-tau (pg/mL) 93.3 (48.0) 86.9 (40.1) 0.554
Total tau (pg/mL) 699.1 (500.3) 656.0 (405.7) 0.695
ATI 0.565 (0.459) 0.628 (0.537) 0.632
Anti-depressant use, total (%) 13 (65.0) 13 (20.0) < 0.001
Age of symptom onset (years), mean (SD) 62.1 (7.65) 62.0 (9.52) 0.758
Disease duration (years), mean (SD) 3.15 (1.76) 4.51 (7.04) 0.397
Cognitive score, mean (SD) −0.288 (1.02) −0.308 (0.988) 0.937
WMH volume (mL), mean (SD) 11.8 (13.9)

[N = 11]
13.3 (19.7)
[N = 28]

0.816

Fazekas score, mean (SD) 0.80 (0.68)
[N = 15]

1.44 (1.00)
[N = 56]

0.007

Vascular risk score, mean (SD) 1.45 (1.40) 1.58 (1.31) 0.638
NfL (pg/mL), mean (SD) 2078.4 (1273.1) 2050.4 (1565.2)

[N = 64]
0.942

Table 3   Binary logistic regression model

Binary logistic regression model assessing the predictive value of age of symptom onset (years), disease duration (years), sex, AD 
status (AD+/AD−), WMH volume (mL), NfL (pg/mL), cognitive score (Z scores), and vascular risk scores on depression status in 
patients with dementia
B coefficient, S. E. standard error, Wald Wald statistic, df degrees of freedom, Exp(B) odds ratio

B S. E. Wald df p-value Exp(B)

Age of symptom onset (years) .082 .083 .978 1 .323 1.086
Disease duration (years) −.204 .243 .703 1 .402 .816
Sex −1.028 1.122 .839 1 .360 .358
AD status 2.202 1.332 2.732 1 .098 9.040
WMH volume (mL) −.056 .035 2.527 1 .112 .946
NfL (pg/mL) .000 .000 .253 1 .615 1.000
Cognitive score .457 .553 .683 1 .409 1.580
Vascular risk score −.140 .412 .116 1 .733 .869
Constant −4.547 4.851 .879 1 .349 .011
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The timing of depression is important. Early-life 
depression (defined as a major depressive episode 
occurring before age 60 or 65) has been linked to a 
more than twofold increase in dementia risk [3, 46]. 
However, the relationship between late-life depres-
sion and dementia risk is unclear, with some studies 
suggesting late-life depression may be a prodrome to 
dementia rather than a risk factor [47]. It is important 
to note that several studies have failed to find an asso-
ciation between depression and dementia [48–51]. 
Our study also failed to find an association between 
early-life depression and AD.

One potential explanation for the inconsistency in 
the association of depression and dementia can be 
attributed to the broadness of the concept of depres-
sion itself. Depression is a highly heterogeneous dis-
order diagnosed based on a wide range of symptoms, 
such as persistent sadness, loss of interest, changes 
in appetite, and sleep disturbances, among others, 
with varying degrees of severity [52, 53]. Individuals 
diagnosed with depression may have different symp-
tom profiles, making it difficult to identify a single, 
unified biological mechanism [1]. As well, there is 
likely a significant difference between patients with 
single episodes of depression compared to those with 
repeated, refractory depression [54, 55]. This hetero-
geneity has led some researchers to argue that depres-
sion should be considered a spectrum of related disor-
ders, rather than a single diagnostic entity [56].

Certain symptoms of depression may have a 
stronger association with dementia risk than others. 
Apathy, characterized by a lack of motivation, inter-
est, and emotional engagement, has been identified as 
a key neuropsychiatric symptom associated with an 
increased risk of cognitive decline and dementia [57, 
58]. One study found that older adults with apathy, 
but without depression, were more likely to develop 
dementia than those with depression but without 
apathy [58]. Other depressive symptoms, however, 
such as sadness, may not be as strongly linked with 
dementia risk. Some research suggests that the pres-
ence of depressive symptoms without the core emo-
tional feature of sadness, referred to as “depression 
without sadness,” may be more strongly associated 
with dementia risk [59]. Sleep disturbances such as 
insomnia or excessive sleepiness, may contribute to 
cognitive decline and the development of dementia by 
affecting the clearance of Aβ and disrupting the regu-
lation of various neural and metabolic processes [60]. 

Our small sample size and lack of historical details 
surrounding the depressive episodes of our patients 
precluded an analysis of depression subtypes.

The strength of our study is our inclusion of clinic 
patients with CSF and neuroimaging biomarkers of 
AD and CVD. As noted above, including clinical 
patients as opposed to research participants provides 
the advantage of a more representative sample of the 
general dementia population. In addition to investigat-
ing the association between depression and AD, we 
also evaluated the effect of past depression on other 
neurodegenerative diseases, but no differences were 
noted. However, the range of clinical phenotypes 
observed in our patient population may have influenced 
the association between depression and dementia. For 
example, depression is frequently observed in and 
associated with an increased risk of AD [1–3], Parkin-
son’s Disease Dementia [61, 62], Lewy Body Demen-
tia [63] and FTD [37]. However, in primary progres-
sive aphasia, a rare form of FTD characterized by the 
progressive decline of language abilities, the associa-
tion with depression is not as well established [64]. It is 
important to note that the relationship between depres-
sion and various types of dementia is an ongoing area 
of research. As new studies are conducted, our under-
standing of these relationships may change.

A limitation of our study is that our definition 
of depression lacks a certain degree of objectiv-
ity given that we relied on self-reporting. Gener-
ally, using standardized diagnostic criteria such as 
the Diagnostic and Statistical Manual of Mental 
Disorders (DSM) provides a more accurate and 
consistent measure of the incidence of depression 
compared to self-reported diagnoses, which are 
subject to recall bias and tend to underestimate 
prevalence [65, 66]. However, even with the use 
of well-validated diagnostic criteria of the DSM-
5, diagnosing a remote major depressive episode 
remains relatively unreliable [67, 68]. The patients 
in our study were closely followed for years by a 
multi-disciplinary healthcare team consisting of 
neurologists, psychiatrists, and nurses. Each time 
the patients were assessed, careful attention was 
paid to psychiatric histories given that identifying 
the etiology of cognitive impairment requires the 
ruling out of comorbid psychiatric illness that may 
be confounding the clinical picture.

Another limitation of our study surrounds gen-
eralizability from the small sample size and lack 
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of ethnic diversity. We also relied on clinical MR 
images obtained from different scanners. Variabil-
ity in scanner-specific factors such as magnetic 
field strength, pulse sequences, and image reso-
lution can lead to differences in image contrast, 
signal-to-noise ratio, and other aspects of image 
quality, which in turn can affect the accuracy and 
reliability of WMH lesion volume measurements. 
However, the automated segmentation algorithm 
we implemented has been shown to be robust to 
scanner-specific differences [68].

In conclusion, our study investigated the asso-
ciation between a history of depression and bio-
markers of AD, CVD, and neurodegeneration in 
patients with dementia. We did not find significant 
differences in these biomarkers between patients 
with and without a history of depression, and these 
variables did not predict depression status. The 
relationship between depression and dementia is 
complex, with heterogeneity in depressive symp-
toms and the potential impact of specific symp-
toms on dementia risk. Further research with larger 
sample sizes and significantly greater diversity 
with respect to factors including but not limited to 
ethnicity and diseases is needed to understand the 
connection between depression and dementia, con-
sidering different depressive symptom profiles and 
specific types of dementia.
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