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ABSTRACT (ENGLISH)  
Preclinical studies indicate that selective serotonin reuptake inhibitors (SSRI) have beneficial effects on Alzheimer-

related pathologies. Therefore, the aim of this study was to evaluate the influence of SSRI-treatment on amyloid

burden in 18F-Florbetapir- positron emission tomography (PET) and on cognition in cognitively normal and

cognitively impaired subjects. We included n=755 cognitively impaired and n=394 cognitively normal participants

from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) that underwent at least one 18F-Florbetapir-PET.

Standardized uptake ratios (SUVR) and the Alzheimer Disease Assessment Scale-cognitive subscale (ADAS)

scores as well as follow-up results were compared between subgroups with a history of SSRI-treatment (SSRI+)

and without SSRI-treatment (SSRI-) as well as in subgroups of SSRI+/Depression+ and SSRI+/Depression- and

SSRI-/Depression+ and SSRI-/Depression-. 18F-Florbetapir-PET did not show significant differences of SUVR

between the SSRI+ and SSRI- groups in both, cognitively impaired and cognitively normal participants. There were

no differences in subgroups of SSRI+/Depression+ and SSRI+/Depression- and SSRI-/Depression+ and SSRI-

/Depression-. However, SUVR showed a dose-dependent inverse correlation to the duration of medication in

cognitively normal and in cognitively impaired patients. SRRI-treatment did not show an effect on ADAS scores.

Furthermore, there was no effect on follow-up SUVR or on follow-up ADAS scores. Overall, SSRI-treatment did not

show beneficial effects on amyloid load nor on cognition.   
 
FULL TEXT 
Introduction  

Alzheimer’s disease (AD), the most common form of dementia, is a progressive neurogenerative disease

characterized by memory loss and decline of cognitive function. Despite extensive treatment efforts, AD remains

incurable and novel therapies to prevent, slow down or delay the onset of the disease are urgently needed. Without

effective therapies, the number of patients with dementia worldwide is estimated to reach more than 130 million

by 2050 (Cummings et al., 2016). 

Given the need for disease-modifying therapies for AD, drug repurposing may be a promising approach. Preclinical

studies indicate that antidepressants, particularly selective serotonin reuptake inhibitors (SSRI), have beneficial

effects on AD-related biomarkers including amyloid plaques, one of the major pathological hallmarks in AD (Cirrito

et al., 2011, 2020; Sheline et al., 2014). Neuritic plaques consist of aggregated Abeta peptides that are formed

within neurons by sequentially cleavage of the amyloid precursor protein (APP). Dysregulation of A production and

A clearance leads to accumulation of hydrophobic A forms and the formation of extracellular plaques (Chen et al.,

2017; Guo et al., 2020). While the pathway of APP processing is well-characterized, mechanisms of its regulation

are not yet fully understood. APP processing can be modulated by several signaling pathways including NMDA,

acetylcholine and serotonin signaling systems. Serotonin receptors (5-HTr) might affect APP processing and A

levels. In vitro studies could show that activation of 5-HTr2a, 5-HTr2c, and 5-HTr4 increases non-amylogenic APP

processing (Nitsch et al., 1996; Robert et al., 2001; Pakaski et al., 2005; Shen et al., 2011). In addition, treatment
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with SSRI reduced A levels and amyloid plaque burden in different mouse models of AD (Tucker et al., 2005;

Nelson et al., 2007; Cirrito et al., 2011, 2020). Furthermore, beneficial effects of antidepressant medication on

cognition could be shown in depressed patients, while there was no effect on non-depressed individuals (Prado et

al., 2018). 

However, whether chronic SSRI-treatment influences amyloid burden and cognition in humans remains unclear. A

few studies suggest a possible positive benefit of SSRI treatment on the risk of developing AD, whereas the effect

on amyloid burden remains controversial (Kessing et al., 2009; Cirrito et al., 2011; Bartels et al., 2018, 2020). 

The aim of this study is the evaluation of the influence of SSRI-treatment on amyloid burden in 18F-Florbetapir

positron emission tomography (PET) in cognitively normal and cognitively impaired individuals. 

Materials and Methods  

Data used in this study were obtained from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) database.1 The

ADNI was launched in 2003 as a public-private partnership, led by Principal Investigator Michael W. Weiner, MD.

The primary goal of ADNI has been to test whether serial magnetic resonance imaging (MRI), positron emission

tomography (PET), other biological markers, and clinical and neuropsychological assessment can be combined to

measure the progression of mild cognitive impairment (MCI) and early Alzheimer’s disease (AD). ADNI is a

multicentered project that aims to improve clinical research on AD unifying data on demographics, clinical and

cognitive assessments as well as on genetic, biochemical and imaging biomarkers. Standardized protocols and

unlimited data access allow analysis of an enormous amount of data from more than 1800 patients that have been

included to the ADNI database to date. Groups of AD patients, patients with mild cognitive impairment (MCI), and

cognitively normal elderly controls were included in four phases starting in 2004. 

Study Sample  

In this study, ADNI data from all four phases, ADNI-1, ADNI-GO, ADNI-2, and ADNI-3, were downloaded from the

ADNI database (see text footnote 1) on May 7, 2021. Patients aged 57–93 with at least one available 18F-

Florbetapir-PET were downloaded (n = 1296; Figure 1). Patient characteristics, medical history, medication, Mini

Mental State Examination (MMSE), Clinical Dementia Rating score (CDR), the Alzheimer’s Disease Assessment

Scale–Cognitive Subscale (ADAS), depression-history, education years, ApoE4 status and PET results were

assessed. Patients with insufficient or inconsistent data on cognition or prior medication were excluded (n = 22). N

= 20 patients were excluded as SSRI-treatment was paused before the baseline PET and n = 105 patients without

significant objective amnestic dysfunction but with subjective memory concerns were excluded. 

FIGURE 1 
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According to the ADNI protocol, participants were categorized as cognitively normal and cognitively impaired with

subgroups of MCI and Alzheimer’s dementia (AD). AD patients showed a significant subjective and objective
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memory loss (based on scores on the WMS-R Logical Memory II subscale) affecting activities of daily living with a

MMSE below 26 and CDR of 0.5 or 1 plus. MCI patients were defined as patients showing significant memory

issues with a MMSE from 24 to 30 and CDR of 0.5 plus an abnormal score on the WMS-R Logical Memory II

subscale. Cognitively normal participants showed no signs of dementia with normal cognition (MMSE from 24 to

30 and a CDR of 0 plus a WMS-R Logical Memory II subscale score above education-adjusted cutoffs). 

Detailed information about the ADNI inclusion and exclusion criteria can be found online.2 

For our analysis, all groups and subgroups were divided into history of SSRI treatment (SSRI+) and without SSRI

treatment (SSRI). 

A total of n = 164 patients were currently treated with an SSRI at the time of the PET (Citalopram: n = 69;

Escitalopram n = 16; Fluoxetine n = 24; Paroxetine n = 7; Sertraline n = 48; Table 1). 

TABLE 1 
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Alzheimer’s Disease Neuroimaging Initiative 1 8F-Florbetapir-PET/CT  
18F-Florbetapir-PET/CT was performed according to a standardized imaging protocol with 4 ×5min frames acquired
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50–70 min post-injection of 370 (± 10%) MBq 18F-Florbetapir. All PET images were reviewed for quality control by

the ADNI PET QC team and transmitted in DICOM format to the Laboratory of Neuroimaging (LONI) for storage. In

order to uniformize data from different origins, PET image data were pre-processed with motion correction, time

frame averaging, reorientation in a standardized 160 ×160 ×96 matrix with a voxel size of 1.5 mm and smoothing

with a scanner-specific filter function determined from Hoffman phantom scans during the certification process

(more details on adni.loni.usc.edu). 

PET images were further processed with FreeSurfer v7.1.1 for an MRI-based definition of multiple cortical regions

as well as reference regions for normalization. 

Amyloid load was quantitatively analyzed using standardized uptake ratios (SUVR) of composite regions

normalized by cerebellar uptake. In order to analyze possible region-specific differences, SUVR of frontal, parietal,

temporal and cingulate cortex regions were also obtained. As described before, intensity normalization of SUVRs

was performed using a FreeSurfer-defined whole cerebellum region for cross-sectional analysis and a FreeSurfer-

defined composite reference region for longitudinal studies. 

Statistical Analysis  

Statistical analysis was performed using SPSS Statistics version 27 (IBM, Armonk, NY, United States) and

GraphPad Prism version 9 (GraphPad Software, San Diego, CA, United States). 

Differences between groups were tested using non-parametric tests (as data did not pass normality tests, e.g.,

Shapiro–Wilk test p = 0.0006), therefore Mann–Whitney U test or Kruskal–Wallis test followed by post hoc

multiple comparison were used as indicated. Univariate analysis of covariance (ANCOVA) was used for covariate

adjustment as indicated. Chi-square test or Fisher’s exact test were used for categorical variables. Relationships

between two variables were assessed using Spearman correlation and simple linear regression. 

For follow-up PET and ADAS data changes were calculated as absolute and relative change between baseline and

follow-up (SUVR/ADAS; %SUVR/%ADAS). 

Significance levels are given as follows: *p <0.05; **p <0.01; ***p <0.001. 

Results  

Baseline Characteristics  

A total of n = 755 cognitively impaired (AD and MCI patients) and n = 394 cognitively normal participants from

ADNI phases ADNI-1 (n = 82), ADNI-GO (n = 181), ADNI-2 (n = 682), and ADNI-3 (n = 204) that underwent at least

one 18F-Florbetapir-PET were included in this study. Baseline characteristics for all patients categorized into

diagnostic groups are shown in Table 2. Patients were categorized as AD (n = 160), MCI (n = 595) and cognitively

normal (n = 394) according to clinical symptoms and results of neuropsychological assessments following the

ADNI protocol (Figure 1). 

TABLE 2 
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The group of AD patients was slightly older compared to the MCI group (Kruskal–Wallis test with Dunn’s multiple

comparison test, p = 0.0093) while there were no differences between all other groups (Kruskal–Wallis test, p
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>0.07). Groups of cognitively impaired patients showed a higher number of male patients compared to cognitively

normal controls (Chi-square test, p = 0.0002). 

MMSE, CDR and ADAS showed significant differences between AD and MCI as well as between AD or MCI

compared to cognitively normal patients after adjusting for age and gender as covariates (ANCOVA, p <0.001,

Table 2). 

There were no differences between age, gender, MMSE scores, ApoE4-allels or diagnosis between cognitively

impaired SSRI+ and SSRI patients (p >0.11; Table 2). There were no differences between age, MMSE scores or

ApoE4-allels between cognitively normal SSRI+ and SSRI patients (p >0.19; Table 2). Slight differences were

observed in gender distribution with proportionately more women in the SSRI+ group (Chi-square test; p = 0.002;

Table 2) which was considered irrelevant for further analysis. Amyloid load did not differ between female and male

patients (Mann–Whitney U test, p = 0.1308). 

N = 300 patients had a history of depression. The amount of patients with a history of depression was significantly

higher in the SSRI+ group compared to the SSRI group (Chi-square test; p <0.001; Table 2). 

Positron Emission Tomography Results  

A baseline PET was available in all patients (n = 1149). SUVRs were significantly higher in the AD subgroup

compared to the MCI subgroup as well as in AD or MCI compared to cognitively normal controls after adjusting for

age and gender as covariates (Figure 2A, ANCOVA, p <0.001). 

FIGURE 2 
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Selective Serotonin Reuptake Inhibitors Treatment  

There were no significant differences of SUVR between the SSRI+ and SSRI patients regardless of the diagnosis
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(Figure 2A, Mann–Whitney U test; AD: p = 0.667; MCI: p = 0.169; cognitively normal controls: p = 0.188). 

SUVR showed a significant negative correlation with the duration of SSRI-treatment in cognitively normal SSRI+ as

well as in cognitively impaired SSRI+ patients (Figures 2B,C, Spearman correlation, cognitive normal: p = 0.0038; r

= 0.4965; cognitively impaired: p = 0.025; r = 0.1958). 

SUVRs did not differ between groups treated with citalopram, escitalopram, fluoxetine, paroxetine or sertraline,

neither in SSRI+ CI patients (Kruskal–Wallis test; p = 0.3276) nor in SSRI+ cognitive normal controls

(Kruskal–Wallis test; p = 0.8296). 

There was no dose-dependency of SUVR in any of the groups treated with citalopram, escitalopram, fluoxetine,

paroxetine or sertraline, neither in SSRI+ cognitively impaired patients (Kruskal–Wallis test; p >0.14) nor in SSRI+

cognitive normal patients (Kruskal–Wallis test; p >0.3). 

Regional Differences  

Regional differences of amyloid load were analyzed in frontal, cingulate, parietal and temporal cortex. There were

no significant differences between regional SUVR of SSRI+ and SSRI regardless of the diagnosis (Kruskal–Wallis

test, p >0.5 in all groups). 

History of Depression  
18F-Florbetapir uptake did not show significant differences between SSRI+ and SSRI patients with and without

history of depression regardless of the diagnosis (Figure 3; Kruskal–Wallis test; AD: p = 0.8304; MCI: p = 0.5308;

cognitive normal controls: p = 0.1937). 

FIGURE 3 
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Follow-Up 1 8F-Florbetapir-PET  

At least one follow-up 18F- Florbetapir-PET was available in n = 650 patients. Mean follow-up period was 26.49
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months for one follow-up PET. A second or third follow-up was only available in the MCI and cognitively normal

group with a mean period of 57.34 months for a second follow-up PET scan (n = 361) and 74.86 months for a third

follow-up PET scan (n = 184). 

In order to analyze changes of amyloid deposition, differences of SUVR between the baseline PET and available

follow-up PETs were calculated (SUVR). Longitudinal changes of SUVR did not show any significant differences

between SSRI+ and SSRI AD-patients after one follow-up (Table 3 and Figure 4A; Mann–Whitney U test; p =

0.4269). 

TABLE 3 
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FIGURE 4 
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There were no significant differences between SSRI+ and SSRI MCI-patients after the first, second or third follow-

up (Table 3 and Figure 4A; Mann–Whitney U test; first follow-up: p = 0.9501; second follow up: p = 0.3405; third
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follow-up: p = 0.2387). Furthermore, we did not detect significant differences between SUVR in the cognitively

normal group either (Table 3 and Figure 4A; Mann–Whitney U test; first follow-up: p = 0.6367; second follow up: p =

0.8637; third follow-up: p = 0.921). 

Cognition  

In order to analyze differences in cognition as well as longitudinal changes of cognition between SSRI+ and SSRI

groups the Alzheimer Disease Assessment Scale-cognitive subscale (ADAS) scores were used. Baseline ADAS as

well as follow-up scores were collected as close to the date of the corresponding baseline and follow-up PET scan

as possible. 

Baseline ADAS was available in all patients (n = 1149). ADAS scores correlated with amyloid burden in PET (Figure

5A, Spearman r = 0.4396; p <0.001). ADAS was significantly higher in AD patients compared to MCI patients and in

MCI and AD patients compared to cognitively normal controls after adjusting for age, gender and education as

covariates (Figure 5B; ANCOVA; p <0.001). There were no significant differences between SSRI+ and SSRI

subgroups after adjusting for age, gender and education as covariates (Figure 5B, ANCOVA, AD: p = 0.238; MCI: p =

0.153; NMC: p = 0.063). 

FIGURE 5 
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At least one follow-up ADAS score was available in n = 646 patients with a mean follow-up of 25.5 months. A

second and third follow-up ADAS score was available in the MCI and cognitively normal group with a mean period
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of 60.67 months for a second follow-up (n = 356) and 73.93 months for a third follow-up (n = 179). In order to

analyze longitudinal changes of cognition, differences of ADAS between the baseline score and available follow-up

scores were calculated (ADAS; Table 3). 

There were no significant differences of the ADAS score between SSRI+ and SSRI AD-patients after one follow-up

(Table 3 and Figure 4B; Mann–Whitney U test; p = 0.2593). Furthermore, we did not detect significant differences

between ADAS in the MCI-group nor in the cognitively normal group after the first, second or third follow-up (Table

3 and Figure 4B; Mann–Whitney U test; MCI: first follow-up: p = 0.5651; second follow up: p = 0.5142; third follow-

up: p = 0.2465; cognitively normal group: first follow-up: p = 0.2084; second follow up: p = 0.595; third follow-up: p

= 0.359). 

ApoE4 

ApoE4 carriers showed significantly higher SUVR compared to non-carriers in cognitively impaired patients as well

as in cognitively normal subjects (Mann–Whitney U test; p <0.001; Figure 6). However, there were no differences in

the SUVR between SSRI+ and SSRI ApoE4 carriers regardless of the diagnosis (Mann–Whitney U test; AD: p =

0.7909; MCI: p = 0.3644; cognitively normal: p = 0.9065; Figure 6). 

FIGURE 6 

 

PDF GENERATED BY PROQUEST.COM Page 17 of 25



Enlarge this image. 

Discussion  

Amyloid plaques are a major pathological hallmark of AD and the modulation of plaques, APP processing, and
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related signaling pathways has been a research focus for novel AD-therapies for many years. The role of different

neurotransmitter systems in the development of AD is still unclear. Recent evidence suggests that the

serotonergic system, that has mainly been studied in mood disorders so far, might play a role in the pathogenesis

of AD (Cirrito et al., 2011; Ramos-Rodriguez et al., 2013). 

Mid-life or late-life depression is considered a risk factor for the development of AD. However, whether depression

is a prodromal symptom or a true etiologic risk factor for AD remains controversial. Both, AD and depression share

similar neuropathological changes as neuroinflammation, elevated oxidative stress markers and synaptic

dysfunctions and an increased cortical amyloid burden is also seen in patients with a lifetime history of depression

(Chung et al., 2015; Herbert and Lucassen, 2016; Mahgoub and Alexopoulos, 2016). 

Therefore, the modulation of serotonergic systems with SSRIs might be a potential treatment option for AD

patients with or without a history of depression. 

Several preclinical studies demonstrated beneficial effects of SSRI-treatment on AD-pathologies in different

mouse models of AD suggesting a modulation of APP processing by SSRIs. Cirrito et al. (2011) first showed a

serotonin-dependent reduction of A levels in the brain interstitial fluid (ISF) in APP/PS1 mice after short-term

treatment with citalopram or fluoxetine. Furthermore, reduced cortical and hippocampal plaque burden as well as

decreased A levels in ISF and cerebrospinal fluid (CSF) were also detected after chronic citalopram administration

(Cirrito et al., 2011). Beneficial effects on plaque load and A-levels following citalopram treatment could also be

confirmed by a couple of other studies (Sheline et al., 2014; Wei et al., 2017; Zhang et al., 2018). Sheline and

colleagues demonstrated a reduced formation of plaques as well as decreased growth of preexisting plaques in

APP/PS1 mice after 28 days of citalopram treatment (Sheline et al., 2014). Similar to the results obtained after

citalopram treatment, several studies demonstrated that fluoxetine treatment decreases amyloid plaques and

soluble A levels in the brain in different AD mouse models (Cirrito et al., 2011; Wang et al., 2014, 2016; Qiao et al.,

2016; Jin et al., 2017; Ma et al., 2017; Sun et al., 2017; Zhou et al., 2019). Furthermore, there is limited evidence that

paroxetine has also beneficial effects on the AD pathology as Nelson et al. (2007) showed reduced accumulation

of tau-protein and cortical A1-40 levels after chronic paroxetine treatment in 3xTg mice and Olesen et al. (2017)

detected a reduction of plaque load in the hippocampus of APP/PS1-mice (Nelson et al., 2007; Olesen et al., 2016,

2017). In addition, escpitalopram was able to reduce tau-hyperphosphorylation in cultures of A1-42 treated

hippocampal neurons of fetal brains obtained from rats (Wang et al., 2016) and in a recent study, Cirrito and

colleagues showed a significantly reduced plaque load in APP/PS1 mice after 28 days of escpitalopram treatment

(Cirrito et al., 2020). 

While these preclinical results hint to a beneficial effect of SSRIs on AD-pathologies, studies on their impact in

humans are very limited. Bartels et al. (2018) showed that long-term use of SSRIs delayed the conversion from MCI

to AD in patients with a previous depression for 3 years (Bartels et al., 2018). Similarly, Burke et al. (2018) showed

that the risk of cognitively normal patients with a prior history of depression developing AD was neutralized by

SSRI treatment compared to untreated patients (Burke et al., 2018). A retrospective study of Down syndrome

patients with a previous history of depression showed that SSRI use for more than 90 days significantly delayed

the onset of dementia (Tsiouris et al., 2014). 

Sheline et al. (2014) demonstrated a significant reduction of A production and CSF A concentration after a single

high dose application of citalopram in healthy volunteers (Sheline et al., 2014). However, it should be noted that

the study was performed on young participants, presumably before plaque formation while our cohort was much

older. However, in a recent study, the same group showed that short-term longitudinal treatment of escitalopram

decreases CSF A42 levels in cognitively normal older adults (Sheline et al., 2020). 

In the current study, we could not detect any differences of amyloid burden or cognition between patients with

SSRI treatment compared to untreated patients regardless of a previous depression. 

So far, only two studies have evaluated the effects of SSRI-treatment on amyloid burden using amyloid-PET

showing controversial findings. Brendel et al. (2018) showed no significant reduction of amyloid deposition in 18F-

Florbetapir-PET between SSRI-treated and untreated MCI and AD patients with a prior history of depression
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(Brendel et al., 2018). Results are in line with our findings, as we did not detect significant differences in amyloid

burden between SSRI-treated and untreated patients in a comparable patient cohort. In addition, we did not find

any significant differences in MCI and AD groups without prior depression nor in cognitively normal patient groups

with or without depression. Consistent with our findings, in a previous study by Bartels et al. (2018) CSF A levels

were unaffected by SSRI treatment in MCI patients with a history of depression. 

In contrast to those findings and to our findings, Cirrito et al. (2011) showed a significant lower cortical binding of

the 11C-labeled amyloid tracer Pittsburgh Compound-B (11C-PiB) in cognitively normal patients that have received

fluoxetine, citalopram or escitalopram treatment (mean duration 35 months) compared to patients with no history

of SSRI use. The Thioflavin-S derivate 11C-PiB was the first amyloid tracer applied in human PET studies with high

sensitivity and specificity for the detection of amyloid plaques. Limitations of the 11C-labeld tracer due to its

availability and short half-life were overcome with the development of 18F-labeled amyloid tracers, including 18F-

Florbetapir. 18F-labeled tracers show comparable binding properties and clinical performance to 11C-PiB and

therefore, differences cannot be mainly explained by the use of different amyloid tracers (Johnson et al., 2013;

Barthel and Sabri, 2017; Villemagne et al., 2017). In the study by Cirrito et al. (2011), all participants that took SSRIs

had a history of depression while our cohort also included patients that used SSRI due to other reasons than

depression which might be the main reason of discrepant results. However, after separating participants with and

without history of depression, there were no differences between SSRI+ and SSRI subjects in our cohort. 

We could show that the duration of SSRI treatment correlated inversely with amyloid burden in both, cognitively

normal and cognitively impaired patients, consistent with the findings of Cirrito et al. (2011). The time of onset and

duration of exposure to SSRIs seems to be a crucial factor as SSRI-treatment might have preventive properties

reducing A accumulation. Hypothesizing that SSRIs influence A metabolism promoting the non-amylogenic APP

processing pathway leading to a lower amount of soluble neurotoxic A forms and lower amyloid plaque burden,

only long-term treatment might contain AD pathologies in a protective way. Furthermore, the development of AD

pathologies takes many years and only short-term treatment might not be sufficient in order to reduce A

accumulation. This theory is supported by the results of a large Danish population-based study in which patients

who received only one prescription of SSRI antidepressants had an increased rate of dementia compared to

subjects unexposed to antidepressants, while continued long-term antidepressant treatment (six to nine

prescriptions) was associated with a reduced rate of dementia (Kessing et al., 2009). Additional factors that might

be modulated by long term SSRI-treatment include depressive symptoms, stress and neuroinflammation with a

possible beneficial effect on cognition. 

Preclinical studies indicate that the decrease of Abeta levels after SSRI treatment is dose-dependent (Cirrito et al.,

2011; Sheline et al., 2014). A dose-dependent decrease of Abeta levels was first demonstrated by Cirrito et al.

(2011) as they showed a reduction of ISF A-levels by 12–16% using 5 mg/kg of citalopram while 10 mg/kg reduced

A-levels by 24%. However, in our cohort, we could not detect a dose-effect on the cerebral amyloid load in 18F-

Florbetapir-PET. One possible explanation of theses divergences might be an inter-individual variation in the

efficacy of SSRI-treatment. Thus, the dose of SSRI treatment may vary greatly between individual patients and

bias a grouped analysis. 

It has previously been shown that the ApoE 4 allele influences the response to different antidepressants in

geriatric depression. Murphy et al. (2003) showed that patients carrying the 4 allele showed a rapid onset of the

noradrenergic and specific serotonergic antidepressant mirtazapine action, whereas paroxetine-treated patients

with the 4 allele were slow to respond (Murphy et al., 2003). However, ApoE genotype had no effect on the

treatment outcome with SSRIs in the current study. Although, ApoE4 carriers showed significantly higher SUVR

compared to non-carriers in cognitively impaired patients as well as in cognitively normal subjects. 

Limitations of this study include the retrospective setting. Especially inconsistencies in SSRI-treatment protocols

(doses, type of SSRI, duration of treatment) have to be considered as an important limitation. Furthermore, more

detailed information on the number and extent of depressive episodes were not available in the dataset. In

addition, inconsistencies between the groups regarding the history of depression might have led to a possible bias.
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Another limitation is the limited number of patients in some of the studied sub-groups. 

Overall, the effect of SSRI-treatment on AD-pathologies in humans remains controversial. While preclinical studies

and first clinical data showed promising results, a beneficial effect neither on amyloid load nor cognition could be

confirmed so far. 

Conclusion  

The effect of SSRI-treatment on AD-pathologies remains unclear. However, preclinical data and the negative

correlation between the time of SSRI treatment and amyloid load continue to suggest a possible beneficial effect

of SRRI-treatment on the pathogenesis of AD. A controlled randomized prospective study on the effect of SSRIs on

AD-pathologies is necessary in order to overcome limitations of previous studies evaluating treatment effects in a

dose- and time-controlled manner. Furthermore, more information of the mechanism of action of SSRI-treatment

are needed, including secondary and tertiary preventive properties, e.g., possible modulation of depressive

symptoms and stress of SSRIs in the development of AD. 

Data Availability Statement  

The raw data supporting the conclusions of this article will be made available by the authors, without undue

reservation. 

Ethics Statement  

All ADNI participants provided informed written consent, which was approved by each site’s Institutional Review

Board. The patients/participants provided their written informed consent to participate in this study. 

Author Contributions  

CB and YB designed the project, analyzed the data, and wrote the manuscript. Both authors contributed to revising

the manuscript and approved the final version. 

Conflict of Interest  

The authors declare that the research was conducted in the absence of any commercial or financial relationships

that could be construed as a potential conflict of interest. 

Publisher’s Note  

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their

affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated

in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher. 

Acknowledgments  

We acknowledge support by the Open Access Publication Funds of the Georg-August-University, Göttingen

University. Data collection and sharing for this project was funded by the Alzheimer’s Disease Neuroimaging

Initiative (ADNI; National Institutes of Health Grant U01 AG024904) and DOD ADNI (Department of Defense award

number W81XWH-12-2-0012). ADNI is funded by the National Institute on Aging, the National Institute of

Biomedical Imaging and Bioengineering, and through generous contributions from the following: AbbVie,

Alzheimer’s Association; Alzheimer’s Drug Discovery Foundation; Araclon Biotech; BioClinica, Inc.; Biogen; Bristol-

Myers Squibb Company; CereSpir, Inc.; Cogstate; Eisai Inc.; Elan Pharmaceuticals, Inc.; Eli Lilly and Company;

EuroImmun; F. Hoffmann-La Roche Ltd. and its affiliated company Genentech, Inc.; Fujirebio US; GE Healthcare;

IXICO Ltd.; Janssen Alzheimer Immunotherapy Research &Development, LLC.; Johnson &Johnson Pharmaceutical

Research &Development, LLC.; Lumosity; Lundbeck; Merck &Co., Inc.; Meso Scale Diagnostics, LLC.; NeuroRx

Research; Neurotrack Technologies; Novartis Pharmaceuticals Corporation; Pfizer Inc.; Piramal Imaging; Servier;

Takeda Pharmaceutical Company; and Transition Therapeutics. The Canadian Institutes of Health Research is

providing funds to support ADNI clinical sites in Canada. Private sector contributions are facilitated by the

Foundation for the National Institutes of Health (www.fnih.org). The grantee organization is the Northern California

Institute for Research and Education, and the study is coordinated by the Alzheimer’s Therapeutic Research

Institute at the University of Southern California. ADNI data are disseminated by the Laboratory for Neuro Imaging

at the University of Southern California. 

Footnotes  

PDF GENERATED BY PROQUEST.COM Page 21 of 25



1. ^ http://adni.loni.usc.edu 

2. ^ https://adni.loni.usc.edu/study-design/ 

References 

 Bartels, C., Belz, M., Vogelgsang, J., Hessmann, P., Bohlken, J., Wiltfang, J., et al. (2020). To Be Continued? Long-

Term Treatment Effects of Antidepressant Drug Classes and Individual Antidepressants on the Risk of Developing

Dementia: a German Case-Control Study. J. Clin. Psychiatry 81:19m13205. doi: 10.4088/JCP.19m13205  

Bartels, C., Wagner, M., Wolfsgruber, S., Ehrenreich, H., Schneider, A., and Alzheimer’s Disease Neuroimaging, I.

(2018). Impact of SSRI Therapy on Risk of Conversion From Mild Cognitive Impairment to Alzheimer’s Dementia in

Individuals With Previous Depression. Am. J. Psychiatry 175, 232–241. doi: 10.1176/appi.ajp.2017.17040404  

Barthel, H., and Sabri, O. (2017). Clinical Use and Utility of Amyloid Imaging. J. Nucl. Med. 58, 1711–1717.  

Brendel, M., Jaworska, A., Overhoff, F., Blume, T., Probst, F., Gildehaus, F. J., et al. (2018). Efficacy of chronic BACE1

inhibition in PS2APP mice depends on the regional Abeta deposition rate and plaque burden at treatment initiation.

Theranostics 8, 4957–4968. doi: 10.7150/thno.27868  

Burke, S. L., Maramaldi, P., Cadet, T., and Kukull, W. (2018). Decreasing hazards of Alzheimer’s disease with the use

of antidepressants: mitigating the risk of depression and apolipoprotein E. Int. J. Geriatr. Psychiatry 33, 200–211.

doi: 10.1002/gps.4709  

Chen, G. F., Xu, T. H., Yan, Y., Zhou, Y. R., Jiang, Y., Melcher, K., et al. (2017). Amyloid beta: structure, biology and

structure-based therapeutic development. Acta Pharmacol. Sin. 38, 1205–1235. doi: 10.1038/aps.2017.28  

Chung, J. K., Plitman, E., Nakajima, S., Chow, T. W., Chakravarty, M. M., Caravaggio, F., et al. (2015). Lifetime History

of Depression Predicts Increased Amyloid-beta Accumulation in Patients with Mild Cognitive Impairment. J.

Alzheimers Dis. 45, 907–919.  

Cirrito, J. R., Disabato, B. M., Restivo, J. L., Verges, D. K., Goebel, W. D., Sathyan, A., et al. (2011). Serotonin signaling

is associated with lower amyloid-beta levels and plaques in transgenic mice and humans. Proc. Natl. Acad. Sci. U.

S. A. 108, 14968–14973. doi: 10.1073/pnas.1107411108  

Cirrito, J. R., Wallace, C. E., Yan, P., Davis, T. A., Gardiner, W. D., and Doherty, B. M. (2020). Effect of escitalopram on

Abeta levels and plaque load in an Alzheimer mouse model. Neurology 95, e2666–e2674. doi:

10.1212/WNL.0000000000010733  

Cummings, J., Aisen, P. S., Dubois, B., Frolich, L., Jack, C. R. Jr., and Jones, R. W. (2016). Drug development in

Alzheimer’s disease: the path to 2025. Alzheimers Res. Ther. 8:39. doi: 10.1186/s13195-016-0207-9  

Guo, T., Zhang, D., Zeng, Y., Huang, T. Y., Xu, H., and Zhao, Y. (2020). Molecular and cellular mechanisms underlying

the pathogenesis of Alzheimer’s disease. Mol. Neurodegener. 15:40. doi: 10.1186/s13024-020-00391-7  

Herbert, J., and Lucassen, P. J. (2016). Depression as a risk factor for Alzheimer’s disease: genes, steroids,

cytokines and neurogenesis - What do we need to know? Front. Neuroendocrinol. 41, 153–171. doi:

10.1016/j.yfrne.2015.12.001  

Jin, L., Gao, L. F., Sun, D. S., Wu, H., Wang, Q., Ke, D., et al. (2017). Long-term Ameliorative Effects of the

Antidepressant Fluoxetine Exposure on Cognitive Deficits in 3 x TgAD Mice. Mol. Neurobiol. 54, 4160–4171. doi:

10.1007/s12035-016-9952-9  

Johnson, K. A., Sperling, R. A., Gidicsin, C. M., Carmasin, J. S., Maye, J. E., Coleman, R. E., et al. (2013). Florbetapir

(F18-AV-45) PET to assess amyloid burden in Alzheimer’s disease dementia, mild cognitive impairment, and

normal aging. Alzheimers Dement. 9, S72–S83. doi: 10.1016/j.jalz.2012.10.007  

Kessing, L. V., Sondergard, L., Forman, J. L., and Andersen, P. K. (2009). Antidepressants and dementia. J. Affect.

Disord. 117, 24–29.  

Ma, J., Gao, Y., Jiang, L., Chao, F. L., Huang, W., Zhou, C. N., et al. (2017). Fluoxetine attenuates the impairment of

spatial learning ability and prevents neuron loss in middle-aged APPswe/PSEN1dE9 double transgenic Alzheimer’s

disease mice. Oncotarget 8, 27676–27692. doi: 10.18632/oncotarget.15398  

Mahgoub, N., and Alexopoulos, G. S. (2016). Amyloid Hypothesis: is There a Role for Antiamyloid Treatment in

Late-Life Depression? Am. J. Geriatr. Psychiatry 24, 239–247. doi: 10.1016/j.jagp.2015.12.003  

PDF GENERATED BY PROQUEST.COM Page 22 of 25



Murphy, G. M., Kremer, C., Rodrigues, H., Schatzberg, A. F., and Mitrazapine Versus Paroxetine Study, G. (2003). The

apolipoprotein E epsilon4 allele and antidepressant efficacy in cognitively intact elderly depressed patients. Biol.

Psychiatry 54, 665–673. doi: 10.1016/s0006-3223(03)00174-4  

Nelson, R. L., Guo, Z., Halagappa, V. M., Pearson, M., Gray, A. J., and Matsuoka, Y. (2007). Prophylactic treatment

with paroxetine ameliorates behavioral deficits and retards the development of amyloid and tau pathologies in

3xTgAD mice. Exp. Neurol. 205, 166–176. doi: 10.1016/j.expneurol.2007.01.037  

Nitsch, R. M., Deng, M., Growdon, J. H., and Wurtman, R. J. (1996). Serotonin 5-HT2a and 5-HT2c receptors

stimulate amyloid precursor protein ectodomain secretion. J. Biol. Chem. 271, 4188–4194. doi:

10.1074/jbc.271.8.4188  

Olesen, L. O., Bouzinova, E. V., Severino, M., Sivasaravanaparan, M., Hasselstrom, J. B., Finsen, B., et al. (2016).

Behavioural Phenotyping of APPswe/PS1deltaE9 Mice: age-Rrelated Changes and Effect of Long-Term Paroxetine

Treatment. PLoS One 11:e0165144. doi: 10.1371/journal.pone.0165144  

Olesen, L. O., Sivasaravanaparan, M., Severino, M., Babcock, A. A., Bouzinova, E. V., and West, M. J. (2017). Neuron

and neuroblast numbers and cytogenesis in the dentate gyrus of aged APPswe/PS1dE9 transgenic mice: effect of

long-term treatment with paroxetine. Neurobiol. Dis. 104, 50–60. doi: 10.1016/j.nbd.2017.04.021  

Pakaski, M., Bjelik, A., Hugyecz, M., Kasa, P., Janka, Z., and Kalman, J. (2005). Imipramine and citalopram facilitate

amyloid precursor protein secretion in vitro. Neurochem. Int. 47, 190–195. doi: 10.1016/j.neuint.2005.03.004  

Prado, C. E., Watt, S., and Crowe, S. F. (2018). A meta-analysis of the effects of antidepressants on cognitive

functioning in depressed and non-depressed samples. Neuropsychol. Rev. 28, 32–72. doi: 10.1007/s11065-018-

9369-5  

Qiao, J., Wang, J., Wang, H., Zhang, Y., Zhu, S., and Adilijiang, A. (2016). Regulation of astrocyte pathology by

fluoxetine prevents the deterioration of Alzheimer phenotypes in an APP/PS1 mouse model. Glia 64, 240–254. doi:

10.1002/glia.22926  

Ramos-Rodriguez, J. J., Molina-Gil, S., Rey-Brea, R., Berrocoso, E., and Garcia-Alloza, M. (2013). Specific

serotonergic denervation affects tau pathology and cognition without altering senile plaques deposition in

APP/PS1 mice. PLoS One 8:e79947. doi: 10.1371/journal.pone.0079947  

Robert, S. J., Zugaza, J. L., Fischmeister, R., Gardier, A. M., and Lezoualc’h, F. (2001). The human serotonin 5-HT4

receptor regulates secretion of non-amyloidogenic precursor protein. J. Biol. Chem. 276, 44881–44888. doi:

10.1074/jbc.M109008200  

Sheline, Y. I., Snider, B. J., Beer, J. C., Seok, D., Fagan, A. M., and Suckow, R. F. (2020). Effect of escitalopram dose

and treatment duration on CSF Abeta levels in healthy older adults: a controlled clinical trial. Neurology 95,

e2658–e2665. doi: 10.1212/WNL.0000000000010725  

Sheline, Y. I., West, T., Yarasheski, K., Swarm, R., Jasielec, M. S., and Fisher, J. R. (2014). An antidepressant

decreases CSF Abeta production in healthy individuals and in transgenic AD mice. Sci. Transl. Med. 6:236re234.  

Shen, F., Smith, J. A., Chang, R., Bourdet, D. L., Tsuruda, P. R., Obedencio, G. P., et al. (2011). 5-HT(4) receptor

agonist mediated enhancement of cognitive function in vivo and amyloid precursor protein processing in vitro: a

pharmacodynamic and pharmacokinetic assessment. Neuropharmacology 61, 69–79. doi:

10.1016/j.neuropharm.2011.02.026  

Sun, D. S., Gao, L. F., Jin, L., Wu, H., Wang, Q., Zhou, Y., et al. (2017). Fluoxetine administration during adolescence

attenuates cognitive and synaptic deficits in adult 3xTgAD mice. Neuropharmacology 126, 200–212. doi:

10.1016/j.neuropharm.2017.08.037  

Tsiouris, J. A., Patti, P. J., and Flory, M. J. (2014). Effects of antidepressants on longevity and dementia onset

among adults with Down syndrome: a retrospective study. J. Clin. Psychiatry 75, 731–737. doi:

10.4088/JCP.13m08562  

Tucker, S., Ahl, M., Bush, A., Westaway, D., Huang, X., and Rogers, J. T. (2005). Pilot study of the reducing effect on

amyloidosis in vivo by three FDA pre-approved drugs via the Alzheimer’s APP 5’ untranslated region. Curr.

Alzheimer. Res. 2, 249–254. doi: 10.2174/1567205053585855  

PDF GENERATED BY PROQUEST.COM Page 23 of 25



Villemagne, V. L., Dore, V., Bourgeat, P., Burnham, S. C., Laws, S., Salvado, O., et al. (2017). Abeta-amyloid and Tau

Imaging in Dementia. Semin. Nucl. Med. 47, 75–88. doi: 10.1053/j.semnuclmed.2016.09.006  

Wang, J., Zhang, Y., Xu, H., Zhu, S., Wang, H., He, J., et al. (2014). Fluoxetine improves behavioral performance by

suppressing the production of soluble beta-amyloid in APP/PS1 mice. Curr. Alzheimer. Res. 11, 672–680. doi:

10.2174/1567205011666140812114715  

Wang, Y. J., Ren, Q. G., Gong, W. G., Wu, D., Tang, X., Li, X. L., et al. (2016). Escitalopram attenuates beta-amyloid-

induced tau hyperphosphorylation in primary hippocampal neurons through the 5-HT1A receptor mediated

Akt/GSK-3beta pathway. Oncotarget 7, 13328–13339. doi: 10.18632/oncotarget.7798  

Wei, Z., Junhong, G., Xiaoyuan, N., Jie, W., Zhaojun, W., Meina, W., et al. (2017). Citalopram Ameliorates

Impairments in Spatial Memory and Synaptic Plasticity in Female 3xTgAD Mice. Biomed. Res. Int. 2017:1238687.

doi: 10.1155/2017/1238687  

Zhang, Q., Yang, C., Liu, T., Liu, L., Li, F., Cai, Y., et al. (2018). Citalopram restores short-term memory deficit and

non-cognitive behaviors in APP/PS1 mice while halting the advance of Alzheimer’s disease-like pathology.

Neuropharmacology 131, 475–486. doi: 10.1016/j.neuropharm.2017.12.021  

Zhou, C. N., Chao, F. L., Zhang, Y., Jiang, L., Zhang, L., Fan, J. H., et al. (2019). Fluoxetine delays the cognitive

function decline and synaptic changes in a transgenic mouse model of early Alzheimer’s disease. J. Comp. Neurol.

527, 1378–1387. doi: 10.1002/cne.24616  

AuthorAffiliation 

Yvonne Bouter1 and Caroline Bouter2* for the Alzheimer’s Disease Neuroimaging Initiative 

* 1Department of Psychiatry and Psychotherapy, University Medical Center Göttingen (UMG), Georg-August-

University, Göttingen, Germany 

* 2Department of Nuclear Medicine, University Medical Center Göttingen (UMG), Georg-August-University,

Göttingen, Germany 
 
 
DETAILS
 

Subject: Patients; Tomography; Memory; Serotonin uptake inhibitors; Magnetic resonance

imaging; Dementia; Serotonin; Biomarkers; Neuropsychology; Cognitive ability;

Neurodegenerative diseases; Medical imaging; Positron emission tomography;

Alzheimer's disease; Neuroimaging; Cognition &reasoning; Statistical analysis;

Alzheimers disease

Location: United States--US

Identifier / keyword: positron emission tomography; Selectiv selective serotonin reuptake inhibitors;

Amyloid-PET Imaging; Florbetaben; Alzheheimer’s disease

Publication title: Frontiers in Aging Neuroscience; Lausanne

Publication year: 2022

Publication date: Jun 23, 2022

Section: ORIGINAL RESEARCH article

Publisher: Frontiers Research Foundation

Place of publication: Lausanne

PDF GENERATED BY PROQUEST.COM Page 24 of 25



 
LINKS
Linking Service, Click here to order Full Text from OCLC ILLiad  

 
Database copyright  2022 ProQuest LLC. All rights reserved. 
Terms and Conditions   Contact ProQuest

Country of publication: Switzerland, Lausanne

Publication subject: Gerontology And Geriatrics, Medical Sciences--Psychiatry And Neurology

ISSN: 16634365

e-ISSN: 16634365

Source type: Scholarly Journal

Language of publication: English

Document type: Journal Article

Publication history :

Online publication date: 0001-01-01

Milestone dates: 2022-02-24 (Received); 2022-05-24 (Accepted); 2022-06-23 (Published)

Publication history :

   First posting date: 01 Jan 0001

DOI: https://doi.org/10.3389/fnagi.2022.883256

ProQuest document ID: 2679946731

Document URL: http://libproxy.usc.edu/login?url=https://www.proquest.com/scholarly-

journals/selective-serotonin-reuptake-inhibitor-treatment/docview/2679946731/se-2

Copyright: © 2022. This work is licensed under http://creativecommons.org/licenses/by/4.0/

(the “License”). Notwithstanding the ProQuest Terms and Conditions, you may use

this content in accordance with the terms of the License.

Last updated: 2022-06-24

Database: ProQuest One Academic,SciTech Premium Collection,Health Research Premium

Collection,ProQuest Central

PDF GENERATED BY PROQUEST.COM Page 25 of 25

https://doi.org/10.3389/fnagi.2022.883256
https://libkey.io/libraries/149/openurl?url_ver=Z39.88-2004&rft_val_fmt=info:ofi/fmt:kev:mtx:journal&genre=article&sid=ProQ:ProQ:healthcompleteshell&atitle=Selective%20Serotonin%20Reuptake%20Inhibitor-Treatment%20Does%20Not%20Show%20Beneficial%20Effects%20on%20Cognition%20or%20Amyloid%20Burden%20in%20Cognitively%20Impaired%20and%20Cognitively%20Normal%20Subjects&title=Frontiers%20in%20Aging%20Neuroscience&issn=16634365&date=2022-06-23&volume=&issue=&spage=&au=Bouter,%20Yvonne;Bouter,%20Caroline&isbn=&jtitle=Frontiers%20in%20Aging%20Neuroscience&btitle=&rft_id=info:eric/&rft_id=info:doi/10.3389/fnagi.2022.883256
http://libproxy.usc.edu/login?url=https://usc.illiad.oclc.org/illiad/illiad.dll/OpenURL??ctx_ver=Z39.88-2004&ctx_enc=info:ofi/enc:UTF-8&rfr_id=info:sid/ProQ:healthcompleteshell&rft_val_fmt=info:ofi/fmt:kev:mtx:journal&rft.genre=article&rft.jtitle=Frontiers%20in%20Aging%20Neuroscience&rft.atitle=Selective%20Serotonin%20Reuptake%20Inhibitor-Treatment%20Does%20Not%20Show%20Beneficial%20Effects%20on%20Cognition%20or%20Amyloid%20Burden%20in%20Cognitively%20Impaired%20and%20Cognitively%20Normal%20Subjects&rft.au=Bouter,%20Yvonne;Bouter,%20Caroline&rft.aulast=Bouter&rft.aufirst=Yvonne&rft.date=2022-06-23&rft.volume=&rft.issue=&rft.spage=&rft.title=Frontiers%20in%20Aging%20Neuroscience&rft.issn=16634365
https://www.proquest.com/info/termsAndConditions
http://about.proquest.com/go/pqissupportcontact

	Selective Serotonin Reuptake Inhibitor-Treatment Does Not Show Beneficial Effects on Cognition or Amyloid Burden in Cognitively Impaired and Cognitively Normal Subjects

