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Objective: Depression is associated with an increased risk of
Alzheimer's disease. Research has shown that the selective
serotonin reuptake inhibitor (SSRI) citalopram decreases
amyloid-B generation and plagque load. The authors evaluated
the impact of SSRI treatment on CSF biomarkers and pro-
gression from mild cognitive impairment (MCI) to Alzheimer's
dementia.

Method: Data sets from 755 currently nondepressed par-
ticipants from the longitudinal Alzheimer's Disease Neuro-
imaging Initiative were evaluated by Kaplan-Meier analysis
and analyses of variance and covariance with ApoE4 status
and age as covariates.

Mild cognitive impairment (MCI) is defined by impaired
cognitive performance that does not meet the criteria for de-
mentia (1). MCI bears a high risk of progression to Alzheimer’s
dementia. Notably, an intervention that could delay this process
by 5 years could result in a 57% reduction in Alzheimer’s de-
mentia prevalence and health insurance costs (2). In this re-
spect, the repurposing of approved medications has been
recognized as a promising strategy; for example, antihyper-
tensive drugs that act on the renin-angiotensin system have
been shown to be associated with slower conversion from MCI
to Alzheimer’s dementia (3, 4).

Late-life depression is associated with an increased risk of
Alzheimer’s dementia (5-9). The underlying reasons are still a
matter of debate, but possibilities include depression as a disease
prodrome, an early symptom, a bona fide risk factor, or a con-
founder associated with comorbidities, such as vascular disease,
that themselves predispose to Alzheimer’s dementia (10, 11).

Experiments in animal models have suggested that se-
lective serotonin reuptake inhibitors (SSRIs) may reduce am-
yloid plaque burden and cognitive impairment, presumably by
shifting the balance from pro- toward non-amyloidogenic pro-
cessing of the amyloid precursor protein (APP) (12-14). In

Results: In MCI patients with a history of depression, long-
term SSRI treatment (>4 years) was significantly associated
with a delayed progression to Alzheimer’'s dementia by ap-
proximately 3 years, compared with short-term SSRI treat-
ment, treatment with other antidepressants, or no treatment
and compared with MCI patients without a history of de-
pression. No differences in CSF biomarker levels were ob-
served between treatment groups.

Conclusions: Long-term SSRI treatment may delay progres-
sion from MCI to Alzheimer's dementia.
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cognitively normal humans, long-term medication with the SSRT
citalopram has been found to be associated with lower amyloid
plaque load (12, 15), and acute treatment with citalopram was
found to reduce the rate of newly generated amyloid-g (15).

Although these results suggest a favorable effect of SSRIs
on Alzheimer’s disease pathology, evidence from clinical
studies is less conclusive. Several randomized and placebo-
controlled studies have evaluated the effect of SSRIs on
cognition in Alzheimer’s dementia, finding either favorable
effects (16, 17), no effects (18-20), or even disadvantageous
effects of SSRI treatment (21, 22). With one exception (18),
these studies covered only short time spans, ranging from 8
to 24 weeks. Whether treatment with an SSRI affects the
progression from MCI to Alzheimer’s dementia is even less
well studied, especially in prospective cohorts with longi-
tudinal cognitive assessments. One retrospective analysis
of cognitively healthy patients discharged with a diagno-
sis of depression (23) reported a lower rate of subsequent
Alzheimer’s dementia in patients receiving first-generation
antidepressants compared with no treatment, SSRIs, or
serotonin-norepinephrine reuptake inhibitors. In contrast,
another retrospective study (24) found that antidepressant
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treatment (SSRIs in 98% of the sample) was associated with
delayed dementia onset and increased longevity in patients
with Down’s syndrome, who have a high risk of Alzheimer’s
dementia because of location of the APP gene on the tripli-
cated chromosome 21.

Based on the promising effects of SSRIs in animal models
and the lack of prospective and large clinical studies, we
aimed to test the hypothesis that SSRI treatment may be
associated with 1) a lower risk of Alzheimer’s dementia in
patients with MCI and a history of depression, 2) a delayed
progression of MCI to Alzheimer’s dementia, and 3) altered
concentrations of the CSF biomarker amyloid-f4,, as sug-
gested by preclinical studies. To that end, we analyzed data
from the multicenter, prospective, longitudinal Alzheimer’s
Disease Neuroimaging Initiative (ADNTI) cohort. This cohort has
so far enrolled more than 1,500 participants, predominantly
patients with amnestic MCI or Alzheimer’s dementia, as well as
cognitively normal control subjects, all of whom undergo ex-
tensive neuropsychological assessments annually. The ADNI
cohortis exceptional as it provides a unique data set of expertly
diagnosed participants, including MRI data, genetic data, and
data on CSF and blood biomarkers.

METHOD

ADNI Sample
Individuals with amnestic MCI or early Alzheimer’s de-
mentia and age-matched cognitively normal subjects were
recruited to ADNI-1, ADNI-2, and ADNI-GO from over
50 sites across the United States and Canada. All sites had
approval by their respective institutional review boards, and
written informed consent was obtained from all participants.
Inclusion criteria relevant to our analysis were age between
55 and 90 and absence of major depressive disorder within
the year prior to screening or current significant symptoms of
depression (defined as a score =6 on the Geriatric Depression
Scale). During the screening process, the exclusion criterion
“major depressive disorder according to DSM-IV within the
past year prior to screening” was controlled by reviewing
the participant’s self-reported medical history for a previous
or current diagnosis of depression. Participants were asked
at screening for a lifetime history of psychiatric diseases, in-
cluding symptoms or a diagnosis of depression and, if applicable,
date of onset. (For more information on inclusion and exclusion
criteria, see reference 25 and http://www.adni-info.org,)
Participants were categorized at baseline as cognitively
normal control subjects, patients with MCI, and patients with
Alzheimer’s dementia and were comprehensively reassessed
every 6 months (in ADNI-1) or annually (in ADNI-2 and
ADNI-GO) for progression from cognitively normal to MCI
or Alzheimer’s dementia, or from MCI to Alzheimer’s
dementia.

Assessments
Clinical and demographic variables. Any clinically significant
history of past and current health issues, including history
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of depression, was documented as qualitative and quan-
titative self-reported medical history data and pursued at
follow-up.

Medications received within 3 months prior to screening,
including antidepressants, were recorded retrospectively and
prospectively via self-report, with dosage, frequency, and the
approximate start and (if applicable) stop dates. Informa-
tion on antidepressant dosage was not taken into account
for our analysis, as doses between different antidepressants
are difficult to compare and group sizes would have become
too small if subgroups of high- and low-dose treatment were
made within classes of antidepressants. All concomitant
medications were entered into the medication log at every
study visit. Duration of antidepressant intake (in days) was
calculated from start to stop date, date of conversion, or end
of observation.

The Geriatric Depression Scale (15-item short form; max-
imum score, 15) was used to assess depression symptoms;
scores of 0-5 were considered normal and scores =6 were
considered to indicate depression.

Among the cognitive parameters, scores on the Mini-
Mental State Examination (MMSE) and the Rey Auditory
Verbal Learning Test (sum of trials 1 to 5, and forgetting,
indicative of verbal learning and long-term memory) were
available for almost all participants in our study sample.

Apolipoprotein E (ApoE) genotyping. ApoE genotyping was
performed at screening as described in the ADNI study proce-
dure manuals (http://adni.loni.usc.edu/methods/documents/).

CSF biomarker analysis. Acquisition, processing, and storage
of CSF in ADNI have been previously described (26; http://
adni.loni.usc.edu/methods/documents/). Levels of amyloid-
Bi_42, total tau, and tau phosphorylated at threonine 181
(p-tau;gy) were determined using the xMAP Luminex platform
(Luminex Corporation, Austin, Tex.) and Innogenetics/
Fujirebio AlzBio3 immunoassay kits (Innogenetics, Ghent,
Belgium). Baseline values of CSF amyloid-B;_4,, total tau,
p-tau;g;, and soluble APPB (sAPPB) (27) were downloaded
from the ADNI data repository.

Study Sample and Group Design

ADNTI data for the present study were downloaded from the
ADNI data repository on July 15, 2013. From the 1,674 ADNI
participants, we excluded those without baseline CSF bio-
marker results (N=832) or insufficient or inconsistent data on
sociodemographic characteristics, cognition, or prior medi-
cation (N=2). The remaining participants were classified into
groups with and without a history of depression, based on
their medical history. Information about previous depression
was obtained as part of the participants’ self-reported medical
history. Participants and their informants or caretakers were
asked by trained research assistants at screening for a lifetime
history of psychiatric diseases, including depression, but not
specifically about recurrent depressive episodes or numbers
of episodes. With the exception of two participants with
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Geriatric Depression Scale scores of 6 and 7, respectively, only
currently nondepressed participants with a score <6 were
included in our analysis. Five participants with acute de-
pressive symptoms (baseline Geriatric Depression Scale score
=6) but no treatment were not included to the final analysis
because of insufficient information on depression diagnosis
in the database. From the final data set of 789 individuals,
data for 46 participants were excluded because multiple
antidepressant use or switch between antidepressant classes
during the observation period prohibited clear assignment
to treatment subgroups. A small number of participants
(N=34) in the “no history of depression” group received
antidepressant treatment (SSRIs or non-SSRIs) for indi-
cations other than depression, including anxiety (N=16),
insomnia (N=10), dizziness (N=1), behavioral and psycho-
logical symptoms of dementia (N=2), irritability (N=1),
agitation (N=1), pain (N=2), and low blood pressure (N=1).
Because of small sample sizes, these subgroups were not
considered for further analysis.

The “history of depression” group was subdivided based
on antidepressant medication into three groups: patients
without antidepressant treatment at baseline (prior depression-
no antidepressants), patients who received SSRIs (prior
depression-SSRI), and patients who received antidepres-
sants with a different mode of action (prior depression-other
antidepressants) (see Table S1 in the data supplement that
accompanies the online edition of this article). Antidepres-
sant medication had to be continued at least until baseline or
beyond.

Thus, of the final 755 participants, 532 were allocated at
baseline to the “no history of depression-no antidepressants”
group and 223 to the “history of depression” group. Of the
latter group, 60 were untreated (prior depression-no anti-
depressants), 116 had received SSRIs (prior depression-
SSRI), and 47 had received antidepressants other than SSRIs
(prior depression-other antidepressants) (Figure 1).

Statistical Analysis

Baseline variables for the participants with MCI were com-
pared across the different treatment groups using univariate
analyses of variance (ANOVAs) for continuous variables and
chi-square tests for categorical variables.

The relationship between previous depression and Alzhei-
mer’s dementia or MCI at baseline was assessed by estimating
odds ratios with 95% confidence intervals.

We performed Kaplan-Meier survival analysis to determine
the impact of a history of depression and assignment to the
different antidepressant treatment groups on time to dementia
conversion in MCI. Changes in diagnosis from MCI to cog-
nitively normal (N=14) or from Alzheimer’s dementia to MCI
(N=1) were defined as nonconversions. Time to event is
expressed as days from baseline to conversion to Alzheimer’s
dementia or to the patient’s last study visit in the absence of
progression (i.e., censored data).

In the MCI group, differences between treatment groups
in CSF biomarker levels at baseline were compared using
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t tests, ANOVA, and analysis of covariance (ANCOVA). All
statistical analyses were two-sided with the significance
threshold set at 0.05 and were carried out using SPSS Sta-
tistics, version 21.0 (IBM, Armonk, N.Y.).

RESULTS

Between-Group Comparisons of Baseline

Characteristics

A total of 755 ADNI participants with CSF baseline data were
included in this analysis. Participants who had no history
of depression but who received antidepressant medication
for indications other than depression were excluded (see
Figure 1). This subsample was representative of the full ADNT
sample with respect to gender, number of ApoE4 alleles,
education, ethnicity, baseline MMSE score, and Rey Auditory
Verbal Learning Test sum trials 1-5 and forgetting scores.
Minor differences in mean age (74.1 years [SD=7.1] compared
with 73.4 years [SD=7.4]; p=0.039) were considered clinically
not relevant.

The mean follow-up period was 691 days (SD=646). The
mean duration of antidepressant treatment was 2,256 days
(SD=2,474, range=4-16,051), with 22.8% being treated for up
to 1 year before baseline, 52.1% between 1 and 4 years, and
25.1% for more than 4 years. (Further information on type and
duration of antidepressant treatment is provided in Table S1
in the online data supplement.) Baseline demographic,
clinical, and cognitive characteristics for the participants
with MCI, categorized into the different treatment groups,
are summarized in Table 1.

Baseline Diagnosis of MCI or Alzheimer’s Dementia and
History of Depression

As shown in Table 2, a baseline diagnosis of MCI was as-
sociated with a 2.60-fold higher likelihood of a history of
depression compared with the cognitively normal group,
and a baseline diagnosis of Alzheimer’s dementia was asso-
ciated with a 3.77-fold higher likelihood.

History of Depression and Rate of MCI Conversion to
Alzheimer’s Dementia

A history of depression was not associated with an elevated
rate of conversion of MCI to Alzheimer’s dementia. Survival
analysis in the MCI group revealed comparable cumulative
probabilities for progression to Alzheimer’s dementia in pa-
tients with MCI and a history of depression compared with pa-
tients with MCI and no previous depression (log-rank x=0.77,
p=0.38; A mean survival time=—172 days) (Figure 2A,D).

History of Depression, Long-Term SSRI Treatment, and
MCI Progression to Alzheimer’s Dementia

To address the impact of different antidepressant classes on
the associated risk of progression from MCI to Alzheimer’s
dementia, we performed survival analysis in individuals with
MCI, separated into treatment subgroups of prior depression—-
SSRI, prior depression-other antidepressants, and prior
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FIGURE 1. Patient Flow in a Study of the Impact of SSRI Therapy on Risk of Conversion From Mild Cognitive Impairment (MCI) to

Alzheimer’'s Dementia
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depression-no antidepressants. The cumulative probability of
progression was lower in the SSRI-treated subgroup compared
with the other-antidepressants subgroup (log-rank x*=9.16,
p=0.002; A mean survival time=691 days) (Figure 2B). The
prior depression-other antidepressants group was also as-
sociated with higher conversion rates compared with the no
prior depression-no antidepressants group (log-rank x*=8.66,
p=0.003; A mean survival time=—654 days). No significant
differences were observed between any of the other groups.

We next investigated whether the duration of SSRI
treatment would be associated with different conversion
rates from MCI to Alzheimer’s dementia. To this end, we
divided the prior depression-SSRI group by median split
into short-term (=1,610 days) and long-term (>1,610 days)
treatment groups (Figure 2C).

The probability of MCI progression to Alzheimer’s de-
mentia was lower in patients with a history of depression and
long-term SSRI treatment compared with treatment with
other antidepressants (log-rank x?=14.34, p<0.001; A mean
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survival time=891 days) and short-term SSRI treatment (log-
rank x?=7.07, p=0.008; A mean survival time=884 days). All
other group comparisons did not show significant differences
(Figure 2D), except for the higher conversion rates of the
prior depression-other antidepressants group in comparison
to the no prior depression-no antidepressants group (log-
rank x?=8.66, p=0.003; A mean survival time=—654 days).
Kaplan-Meier analysis restricted to the first 3 years of
the observation period showed a significantly decreased
probability of conversion to Alzheimer’s dementia in MCI
patients with a history of depression and long-term SSRI
treatment compared with all other groups (prior depression-
long-term SSRI versus prior depression-short-term SSRI:
log-rank x*=5.60, p=0.02; A mean survival time=188 days;
prior depression-other antidepressants: log-rank x>=13.54,
P=0.001; A mean survival time=343 days; prior depression-no
antidepressants: log-rank x?=6.66, p=0.01; A mean survival
time=177 days; no prior depression-no antidepressants:
log-rank x?=6.20, p=0.01; A mean survival time=162 days)
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TABLE 1. Baseline Characteristics of Participants With Mild Cognitive Impairment (MCI) (N=438) in a Study of the Impact of SSRI Therapy
on Risk of Conversion From MCI to Alzheimer's Dementia?

Prior Depression (N=137)

No Prior No Other
Depression Total Antidepressants SSRIs Antidepressants
Characteristic (N=301) (N=137) (N=37) (N=67) (N=33)
Mean SD Mean SD Mean SD Mean SD Mean SD p
Age (years) 73.3 75 711 8.0 72.4 84 707 8.0 70.3 7.6 0.02
Education (years) 159 2.9 16.5 2.7 169 2.4 159 28 17.2 2.4 0.01
Mini-Mental Status Examination score 27.5 19 27.8 17 27.5 19 28.2 16 27.5 15 0.06
Rey Auditory Verbal Learning Test
Sum trials 1-5 34.0 10.3 353 113 36.3 124 360 107 32.8 11.2 0.26
Forgetting score 4.1 2.6 43 26 41 2.4 46 27 3.8 2.7 0.39
Geriatric Depression Scale score 15 14 19 14 16 13 19 13 2.1 15 0.03
N % N % N % N % N % p
Geriatric Depression Scale classification 0.14
Normal 301 100 136 99 37 100 66 98 33 100
Mild to moderate depression 0 0 1 1 0 0 1 2 0 0
Severe depression 0 0 0 0 0 0 0 0 0 0
Gender 0.003
Male 201 67 68 50 18 49 30 45 20 61
Female 100 33 69 50 19 51 37 55 13 39
ApoE status® 0.03
No E4 allele 150 50 63 46 17 46 37 56 09 27
1 E4 allele 119 40 54 40 15 40 24 36 15 46
2 E4 alleles 29 10 19 14 05 14 05 08 09 27
Ethnicity 0.72
Not Hispanic or Latino 287 95 132 96 36 97 65 97 31 94
Hispanic or Latino 13 4 4 3 1 3 1 2 2 6
Unknown 1 1 1 1 0 0 1 2 0 0
Race 0.92
White 280 93 135 98 36 97 66 98 33 100
Black 6 2 2 2 1 3 1 2 0 0
Asian 8 3 0 0 0 0 0 0 0 0
Other or unknown 7 2 0 0 0 0 0 0 0 0

2 ApoE=apolipoprotein E; SSRI=selective serotonin reuptake inhibitor. Comparisons are based on univariate analysis of variance or chi-square tests across all
groups (no prior depression—no antidepressants, prior depression—no antidepressants, prior depression—SSRI, prior depression—other antidepressants). The
groups with no prior depression who received antidepressant treatment for non-depression indications (no prior depression—SSRI and no prior depression—

other antidepressants) were excluded from statistical analysis because of small sample sizes).

b For ApoE status, N=434 because of missing data.

(Figure 2C,D). The risk of conversion was increased in MCI
patients with a history of depression and other antidepressant
treatment compared with the no prior depression-no anti-
depressants group (log-rank x?=5.03, p=0.03; A mean survival
time=—181 days). All other group comparisons revealed no
significant differences.

At later time points, i.e., after more than 3 years of obser-
vation, the advantage associated with long-term SSRI treat-
ment in previously depressed participants dissolved and the
probability of subsequent Alzheimer’s dementia became
similar to that of all other groups (data not shown). The cutoff
of 3years was determined by the least difference in estimates of
cumulative survival in the observation period for the no prior
depression-no antidepressants and prior depression-long-
term SSRI groups and resulted in an interval of 1,095 to
1,106 days (i.e., approximately 3 years).

Correction for ApoE4 status as well as restriction to MCI
patients with pathological baseline CSF amyloid-B,_4, levels
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yielded similar results in all survival analyses (data not
shown).

SSRI Treatment and CSF Amyloid-B,_4, Levels in

MCI Patients

We next analyzed whether, in the MCI group, a previous
depression might be associated with lower CSF amyloid-B1_45
or higher tau, p-tau;g;, and sAPP@ concentrations, reflecting
increased disease pathology. However, CSF biomarker levels
did not differ between those with and without a history of
depression in the MCI group (N=438) (see Figure SIA-D, left
panels, in the online data supplement).

If SSRI treatment conferred its beneficial effect by in-
hibiting amyloid-B;_4, generation, as has been proposed
(12, 15), CSF levels of amyloidogenic APP cleavage products,
such as soluble APP sAPP-B (28) and CSF amyloid-B;_45,
should be lower in the SSRI treatment group. To unravel a
potential effect of SSRI treatment on CSF amyloid-f;_4,, we
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TABLE 2. History of Depression as a Risk Factor for Baseline Diagnosis of Mild Cognitive Impairment (MCI) or Alzheimer’'s Dementia

Prior Depression

No Prior Depression

Baseline Diagnosis N % % Odds Ratio 95% ClI p
Cognitively normal (N=161) 24 15 85

MCI (N=438) 137 31 69 2.60 1.61-4.20 <0.001
Alzheimer's dementia (N=156) 62 40 60 377 2.20-6.46 <0.001

divided the MCI group into the antidepressant treatment
subgroups prior depression-SSRI, prior depression—other
antidepressants, and prior depression-no antidepressants.
One-way ANOVA with Bonferroni-adjusted post hoc tests
revealed no main effects of treatment on CSF amyloid-B;_45,
tau, p-tauyg;, or SAPP-(3 levels (see Figure S1IA-D, right panels, in
the data supplement), or any significant between-treatment
group differences in the MCI group (left panels).

From all potential covariates that differed significantly at
baseline (Table 1) and fulfilled statistical requirements to enter
ANCOVA, number of ApoE4 alleles had the highest impact
on CSF amyloid-B;_4, levels (F=32.24, p=0.001; partial eta’=
0.13, i.e.,, moderate to large effect), followed by age (F=42.57,
pP=0.001; partial eta?=0.09, i.e, moderate to large effect). Cor-
rection for these covariates by ANCOVA uncovered no signifi-
cant main effect of different antidepressants or no treatment
on CSF amyloid-B_4, concentrations in participants with MCI
(F=1.78, p=0.32; partial eta®=0.008).

Additionally, MCI participants were categorized into
amyloid-f3,_4, positive (CSF baseline amyloid-B_45 <192 pg/mL)
and negative (amyloid-B;_4, =192 pg/mL) subgroups. The
distribution of patients into these groups did not differ sig-
nificantly between MCI patients with and without a history of
depression or between different antidepressant treatment
regimens (see Figure S2 in the data supplement). Likewise,
ANOVA with Bonferroni-adjusted post hoc tests revealed no
main effect of depression or antidepressant treatment status
(see Figure S3 in the data supplement).

DISCUSSION

In this study of the ADNI cohort we found, in accord with
previous findings, that MCI and Alzheimer’s dementia
are associated with a history of depression. Notably, we found
a delay of approximately 3 years in MCI progression to
Alzheimer’s dementia in patients with a previous depression
who received long-term SSRI treatment. In contrast, treat-
ment with non-SSRI antidepressants was associated with
a higher risk of conversion of MCI to Alzheimer’s dementia
and a shorter interval to progression compared with the
long-term SSRI group. CSF levels of amyloid-B,_4,, tau,
and p-tau were unaffected by history of prior depression and
antidepressant treatment.

Similar to previous findings (29), we did not observe a
higher rate of conversion of MCI to Alzheimer’s dementia in
participants with a history of depression compared with
those without a history of depression. This is in contrast to
another prospective cohort (30) in which a higher rate of MCI
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progression to Alzheimer’s dementia was found to be asso-
ciated with depression. In contrast to our study, participants
in that cohort were acutely depressed at baseline, which may
have influenced the outcome.

Strengths and Limitations

ADNI is a multicenter, prospective, longitudinal cohort with
highly standardized, research-based definitions of MCI and
Alzheimer’s dementia. Extensive and frequent follow-ups of
cognitive state allow the timely detection of deterioration
from MCI to Alzheimer’s dementia, in contrast to previous
retrospective studies on antidepressants and dementia risk,
which relied on patient registry data. The large number of
individual data sets that also included CSF biomarker results
further improves the quality of our study. Another strength of
the ADNI cohort is the exclusion of patients with major
depressive symptoms at baseline, since these may interfere
with cognitive performance and result in false positive MCI
or dementia diagnoses. Notably, we only included data sets of
patients without multiple antidepressant use or switch be-
tween antidepressant classes during the observation period.

To our knowledge, this is the first study to investigate the
relationship between a history of depression and antide-
pressant treatment with the overall probability and time in-
terval of MCI conversion to Alzheimer’s dementia.

Based on the available information, it was not possible to
distinguish early-onset depression with recurrent episodes in
later years from late-life-onset depression. Distinct neurobio-
logical mechanisms may underlie these two depression
phenotypes, and they may be associated with different risks
of subsequent Alzheimer’s dementia. Thus, it must be ac-
knowledged that longer antidepressant exposure may reflect
early-onset depression, whereas shorter treatment times may
indicate late-onset depression, possibly associated with pro-
dromal Alzheimer’s disease. Consequently, it may not be long-
term exposure to SSRIs itself that delays progression to
Alzheimer’s dementia but rather the underlying depression
phenotype. In that case, one would expect that long-term treat-
ment with other, non-SSRI antidepressants would show a rate
of MCI progression to Alzheimer’s dementia comparable to
that of the long-term SSRI group. However, in our ADNI
data set, long-term SSRI treatment was superior to long-term
treatment with other antidepressants. This suggests that SSRT
treatment itself, rather than differences in the underlying
pathology of depression subtypes, may be causative for the
observed protective effects.

It must be taken into account, too, that the patients in
our sample were not randomly assigned to antidepressant
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FIGURE 2. Kaplan-Meier Survival Analyses for Conversion of Mild Cognitive Impairment (MCI) to Alzheimer’'s Dementia in Patients Withand
Without Histories of Depression and Antidepressant Treatment®
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2|n panel A, the depression and no-depression groups show comparable probabilities for MCI progression to Alzheimer's dementia. SSRI treatment (panel B)
and long-term SSRI treatment (panel C) are advantageous compared with treatment with other antidepressants in MCl patients with a history of depression. In
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treatment conditions and that our findings may be con-
founded by initial treatment response. Thus, we cannot ex-
clude the possibility that individuals in the non-SSRI group
represent a more treatment-resistant patient population
compared with the SSRI treatment group.

Arecentstudy (7) demonstrated that a history of recurrent
depressive episodes was strongly associated with a cumu-
latively increasing risk of subsequent Alzheimer’s dementia.
Other studies have found that the severity of depression at
baseline was correlated with risk of developing dementia
(31). No information was available on time point, treatment
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regimen, antidepressant treatment, dosage, and treatment
response of past depressive episodes, or on their frequency,
severity, or duration. The impact of these factors could
therefore not be analyzed and may bear bias against positive
findings in this study. Also, because of the small numbers of
participants receiving antidepressant treatment for indica-
tions other than depression, we could not determine whether
SSRI treatment effects are limited to patients with a history of
depression. As participants were depression-free at baseline
(as defined by Geriatric Depression Scale score), a clinical
assessment of depression and evaluation of the depression
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diagnosis was not possible. Another limitation of our study
is that we had to rely on self-reported data on depression
diagnosis and antidepressant use, and these data did not cover
the period prior to the starting date of current antidepressant
medication taken at baseline. Thus, we cannot exclude the
possibility that patients in the non-SSRI group received SSRIs
during previous depressive episodes or that patients in the
SSRI group previously received non-SSRI antidepressants. Of
note, changes in antidepressant treatment during the observa-
tion period were monitored, and patients whose treatment
changed were excluded from the analysis, as were patients on
multiple antidepressants.

SSRI Treatment Effects

Previous studies suggest that SSRIs enhance the a-secretase-
dependent processing of APP, thus lowering amyloidogenic
APP cleavage and amyloid-B;_4, production. Inhibition of
amyloid-B1_4, production was also observed on treatment of
astrocytes with fluoxetine in vitro, paralleled by decreased
astrocytic activation (32). However, we detected no differ-
ences in CSF amyloid-B;_4, levels between the antidepres-
sant treatment groups in our study. Lower production rates
of CSF amyloid-B;_4, have been observed in healthy vol-
unteers after acute administration of citalopram (15), al-
though another study obtained conflicting results (33). In a
trial with the a-secretase activator acitretin (34), no changes
in steady-state CSF amyloid-B;_4, concentrations were
observed, although the a-secretase cleavage product soluble
APP-a (SAPP-a) was increased in CSF. Since CSF sAPP-«a
values were unavailable from ADNI, we analyzed CSF
sAPP-B, which should decrease upon activation of a non-
amyloidogenic cleavage pathway. However, no between-
treatment group differences in SAPP-(3 levels were detected.
These results could support an additional and potentially
a-secretase-independent mechanism of continuous SSRI
treatment, e.g., by modulation of neuroinflammation (35,
36), acetylcholine release (37, 38), or neurodegeneration or
neurogenesis (39), although it must be taken into account that
changes in a-secretase activity are not always paralleled by
effects on B-secretase (BACE) cleavage products (40).

A growing body of evidence points toward a complex
role of neuroinflammation in amyloidogenesis, neurodegen-
eration, and cognitive decline (41). Neuroinflammation has
also been detected in patients during major depressive epi-
sodes (42, 43). SSRIs can modulate key inflammatory factors,
such as tumor necrosis factor alpha (36), interleukins-1p
and -6, and reactive oxygen stress. Interestingly, in a mouse
model, SSRIs were found to ameliorate experimental allergic
encephalitis-induced symptoms (44, 45). SSRI-mediated
modulation of neuroinflammation might therefore explain
the favorable outcomes of patients under long-term SSRI
treatment.

Additionally, increased synaptic serotonin concentrations
under SSRI treatment may activate 5-HT, receptors. 5-HT,
receptor stimulation has been shown to increase acetylcholine
release and to counteract the cognitive impairment induced
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by anticholinergic drugs (46, 47). Thus, SSRI treatment may
counteract effects of pathologically decreased acetylcholine
in Alzheimer’s disease.

Serotonergic effects are not restricted to SSRIs but are a
common feature of most antidepressants. It is therefore unclear
why SSRI treatment but not treatment with other antide-
pressants is associated with a delay of MCI progression to
Alzheimer’s dementia. Recent findings suggest that SSRIs, in
contrast to other antidepressants, may up-regulate serum brain-
derived neurotrophic factor (BDNF) (48). Compelling evidence
demonstrates that neurogenesis is impaired in depression, a
phenomenon likely mediated by a decrease of BDNF and vas-
cular endothelial growth factor (VEGF) (49). Decreased levels of
BDNF have also been described in Alzheimer’s disease and,
conversely, high levels of brain BDNF have been found to be
associated with lower rates of cognitive decline (50).

On a more speculative basis, SSRIs may also ameliorate
endothelial dysfunction, which may be relevant to small-
vessel disease, a relevant cause of vascular dementia and
animportant comorbidity factor in Alzheimer’s dementia and
old-age depression (51). Finally, although all groups in our
study were sufficiently treated with antidepressants and
scored below 6 on the Geriatric Depression Scale, we cannot
exclude the possibility that SSRIs improve selected symp-
toms of depression better than other antidepressants, e.g.,
effects on sleep disturbances, appetite, or nutrition, which are
associated with a higher risk of dementia (52).

Despite the lack of changes in CSF amyloid-f;_4, levels in
the SSRI group, there is compelling evidence that SSRI
treatment reduces amyloid plaque burden in vivo (12, 15).
Unfortunately, given the small numbers of individuals with
available baseline amyloid positron emission tomography
(PET) datain our data set (N=7), we were not able to correlate
amyloid plaque load with different antidepressant treat-
ments. Clearly, a prospective study with longitudinal amyloid
PET imaging and CSF sampling is needed to investigate
SSRI-mediated changes in amyloid metabolism.

CONCLUSIONS

Pending validation in an intervention trial, the data produced
in this study may have important implications for clinical
practice. They suggest that long-term SSRI maintenance
treatment may be beneficial in elderly patients with MCI and
a history of depression even after affective symptoms have
resolved, as this was associated with a 3-year delay in con-
version of MCI to Alzheimer’s dementia. A prospective study
to confirm SSRI effects on MCI progression is now warranted,
as an SSRI-mediated delay may contribute to an overall
lower prevalence of Alzheimer’s dementia, with a major
impact on affected individuals, caregivers, public health,
and health costs.

AUTHOR AND ARTICLE INFORMATION

From the Department of Psychiatry and Psychotherapy, University Medical
Center Gottingen, Gottingen, Germany; the Department of Psychiatry

ajp.psychiatryonline.org 239


http://ajp.psychiatryonline.org

IMPACT OF SSRIs ON RISK OF CONVERSION FROM MCI TO ALZHEIMER'S DEMENTIA

and Psychotherapy and the Department of Neurodegenerative Diseases
and Geriatric Psychiatry, University of Bonn, Bonn, Germany; the German
Center for Neurodegenerative Diseases, Bonn; and the Max Planck In-
stitute of Experimental Medicine, Gottingen.

Address correspondence to Dr. Schneider (anja.schneider@dzne.de).

Dr. Bartels was supported in part by the German Frontotemporal Lobar
Degeneration consortium (Federal Ministry of Education and Research—
Competence Network Degenerative Dementias). Dr. Schneider was
supported by grants from the German Research Foundation’s Cluster of
Excellence “Nanoscale Microscopy and Molecular Physiology of the
Brain” and the Center for Molecular Physiology of the Brain and German
Research Foundation grants SCHN1265 2-1 and 1-1. Funding for data
collection and sharing for this project was provided by the Alzheimer’s
Disease Neuroimaging Initiative (ADNI) (NIH grant U01 AG024904)
and DOD ADNI (Department of Defense grant 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 Alzheimer’s Association, the Alzheimer’s Drug
Discovery Foundation, Araclon Biotech, BioClinica, Biogen Idec, Bristol-
Myers Squibb, Eisai, Elan, Eli Lilly, Eurolmmun, Hoffmann—-La Roche and
its affiliate Genentech, Fujirebio, GE Healthcare, IXICO, Janssen Alz-
heimer Immunotherapy Research and Development, Medpace, Merck,
Meso Scale Diagnostics, NeuroRx Research, Neurotrack Technologies,
Novartis, Pfizer, Piramal Imaging, Servier, Synarc, and Takeda. The
Canadian Institutes of Health Research provides funds to support ADNI
clinical sitesin Canada. Private sector contributions are facilitated by the
Foundation for the National Institutes of Health. The grantee organi-
zation is the Northern California Institute for Research and Education,
and the study is coordinated by the Alzheimer’'s Disease Cooperative
Study at the University of California, San Diego. ADNI data are dis-
seminated by the Laboratory for Neuro Imaging at the University of
Southern California.

The authors thank K. Klabisch, Department of Psychiatry and Psycho-
therapy, University Medical Center Goéttingen, for his help with data
processing.

Data used in the preparation of this article were obtained from the Alz-
heimer’s Disease Neuroimaging Initiative (ADNI) database (www.ida-loni.
usc.edu/). The ADNI investigators thus contributed to the design and
implementation of ADNI or provided data but did not participate in the
analysis or writing of this report. A complete listing of the ADNI investi-
gatorsisavailable at https://adni.loni.usc.edu/wp-content/uploads/how_
to_apply/ADNI_Acknowledgement_List.pdf.

Dr. Schneider has received a research grant from Actelion. The other
authors report no financial relationships with commercial interests.

Received April 10, 2017; revision received July 11, 2017; accepted Aug. 7,
2017; published online Nov. 28, 2017.

REFERENCES

1. Winblad B, Palmer K, Kivipelto M, et al: Mild cognitive impairment:
beyond controversies, towards a consensus: report of the In-
ternational Working Group on Mild Cognitive Impairment. J Intern
Med 2004; 256:240-246

2. Alzheimer’s Association: Changing the Trajectory of Alzheimer’s
Disease: How a Treatment by 2025 Saves Lives and Dollars. Wash-
ington, DC, Alzheimer’s Association, 2015 (http://www.alz.org/
alzheimers_disease_trajectory.asp)

3. Wharton W, Goldstein FC, Zhao L, et al: Modulation of renin-
angiotensin system may slow conversion from mild cognitive
impairment to Alzheimer’s disease. J Am Geriatr Soc 2015; 63:
1749-1756

4. Yasar S, Xia J, Yao W, et al: Antihypertensive drugs decrease risk of
Alzheimer disease: Ginkgo Evaluation of Memory study. Neurology
2013; 81:896-903

5. Barnes DE, Yaffe K, Byers AL, et al: Midlife vs late-life depressive
symptoms and risk of dementia: differential effects for Alzheimer

240 ajp.psychiatryonline.org

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

disease and vascular dementia. Arch Gen Psychiatry 2012; 69:493-
498

. Diniz BS, Butters MA, Albert SM, et al: Late-life depression and risk

ofvascular dementia and Alzheimer’s disease: systematic review and
meta-analysis of community-based cohort studies. Br J Psychiatry
2013; 202:329-335

. Dotson VM, Beydoun MA, Zonderman AB: Recurrent depressive

symptoms and the incidence of dementia and mild cognitive im-
pairment. Neurology 2010; 75:27-34

. Mourao RJ, Mansur G, Malloy-Diniz LF, et al: Depressive symptoms

increase the risk of progression to dementia in subjects with mild
cognitive impairment: systematic review and meta-analysis. Int J
Geriatr Psychiatry 2016; 31:905-911

. Saczynski JS, Beiser A, Seshadri S, et al: Depressive symptoms and

risk of dementia: the Framingham Heart Study. Neurology 2010; 75:
35-41

Wilson RS, Capuano AW, Boyle PA, et al: Clinical-pathologic study of
depressive symptoms and cognitive decline in old age. Neurology
2014; 83:702-709

Villeneuve S, Reed BR, Madison CM, et al: Vascular risk and AB
interact to reduce cortical thickness in AD vulnerable brain regions.
Neurology 2014; 83:40-47

Cirrito JR, Disabato BM, Restivo JL, et al: Serotonin signaling
is associated with lower amyloid-B levels and plaques in trans-
genic mice and humans. Proc Natl Acad Sci USA 2011; 108:
14968-14973

Shen F, Smith JA, Chang R, et al: 5-HT(4) receptor agonist mediated
enhancement of cognitive function in vivo and amyloid precursor
protein processing in vitro: a pharmacodynamic and pharmacoki-
netic assessment. Neuropharmacology 2011; 61:69-79

Fisher JR, Wallace CE, Tripoli DL, et al: Redundant Gs-coupled
serotonin receptors regulate amyloid-B metabolism in vivo. Mol
Neurodegener 2016; 11:45

Sheline YI, West T, Yarasheski K, et al: An antidepressant decreases
CSF AB production in healthy individuals and in transgenic AD mice.
Sci Transl Med 2014; 6:236re4

Mowla A, Mosavinasab M, Pani A: Does fluoxetine have any effect on
the cognition of patients with mild cognitive impairment? A double-
blind, placebo-controlled clinical trial. J Clin Psychopharmacol
2007; 27:67-70

Mokhber N, Abdollahian E, Soltanifar A, et al: Comparison of
sertraline, venlafaxine, and desipramine effects on depression, cog-
nition, and the daily living activities in Alzheimer patients. Pharma-
copsychiatry 2014; 47:131-140

Choe YM, Kim KW, Jhoo JH, et al: Multicenter, randomized,
placebo-controlled, double-blind clinical trial of escitalopram on the
progression-delaying effects in Alzheimer’s disease. Int J Geriatr
Psychiatry 2016; 31:731-739

Munro CA, Longmire CF, Drye LT, et al: Cognitive outcomes after
sertaline treatment in patients with depression of Alzheimer disease.
Am J Geriatr Psychiatry 2012; 20:1036-1044

Lyketsos CG, DelCampo L, Steinberg M, et al: Treating depression in
Alzheimer disease: efficacy and safety of sertraline therapy, and the
benefits of depression reduction: the DIADS. Arch Gen Psychiatry
2003; 60:737-746

Banerjee S, Hellier J, Dewey M, et al: Sertraline or mirtazapine for
depression in dementia (HTA-SADD): a randomised, multicentre,
double-blind, placebo-controlled trial. Lancet 2011; 378:403-411
Porsteinsson AP, Drye LT, Pollock BG, et al: Effect of citalopram on
agitation in Alzheimer disease: the CitAD randomized clinical trial.
JAMA 2014; 311:682-691

Kessing LV, Forman JL, Andersen PK: Do continued antidepressants
protect against dementia in patients with severe depressive disor-
der? Int Clin Psychopharmacol 2011; 26:316-322

Tsiouris JA, Patti PJ, Flory MJ: Effects of antidepressants on lon-
gevity and dementia onset among adults with Down syndrome: a
retrospective study. J Clin Psychiatry 2014; 75:731-737

Am J Psychiatry 175:3, March 2018


mailto:anja.schneider@dzne.de
http://www.idaoni.usc.edu/
http://www.idaoni.usc.edu/
https://adni.loni.usc.edu/wpontent/uploads/how_to_apply/ADNI_Acknowledgement_List.pdf
https://adni.loni.usc.edu/wpontent/uploads/how_to_apply/ADNI_Acknowledgement_List.pdf
http://www.alz.org/alzheimers_disease_trajectory.asp
http://www.alz.org/alzheimers_disease_trajectory.asp
http://ajp.psychiatryonline.org

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

Mueller SG, Weiner MW, Thal LJ, et al: Ways toward an early di-
agnosis in Alzheimer’s disease: the Alzheimer’s Disease Neuro-
imaging Initiative (ADNI). Alzheimers Dement 2005; 1:55-66
Shaw LM, Vanderstichele H, Knapik-Czajka M, et al: Cerebrospinal
fluid biomarker signature in Alzheimer’s disease neuroimaging
initiative subjects. Ann Neurol 2009; 65:403-413

Wu G, Sankaranarayanan S, Hsieh SH, et al: Decrease in brain soluble
amyloid precursor protein B (SAPPR) in Alzheimer’s disease cortex.
J Neurosci Res 2011; 89:822-832

Dobrowolska JA, Michener MS, Wu G, et al: CNS amyloid-f3, soluble
APP-a and - kinetics during BACE inhibition. J Neurosci 2014; 34:
8336-8346

Palmer K, Di Iulio F, Varsi AE, et al: Neuropsychiatric predictors
of progression from amnestic-mild cognitive impairment to
Alzheimer’s disease: the role of depression and apathy. J Alzheimers
Dis 2010; 20:175-183

Modrego PJ, Ferrdndez J: Depression in patients with mild cog-
nitive impairment increases the risk of developing dementia of
Alzheimer type: a prospective cohort study. Arch Neurol 2004; 61:
1290-1293

Wilson RS, Barnes LL, Mendes de Leon CF, et al: Depressive
symptoms, cognitive decline, and risk of AD in older persons.
Neurology 2002; 59:364-370

Qiao J, Wang J, Wang H, et al: Regulation of astrocyte pathology by
fluoxetine prevents the deterioration of Alzheimer phenotypes in an
APP/PS1 mouse model. Glia 2016; 64:240-254

Emilsson JF, Andreasson U, Blennow K, et al: Comment on “An
antidepressant decreases CSF AB production in healthy individuals
and in transgenic AD mice”. Sci Transl Med 2014; 6:268le5
Endres K, Fahrenholz F, Lotz J, et al: Increased CSF APPs-a levels in
patients with Alzheimer disease treated with acitretin. Neurology
2014; 83:1930-1935

Su F, Yi H, Xu L, et al: Fluoxetine and S-citalopram inhibit M1
activation and promote M2 activation of microglia in vitro. Neu-
roscience 2015; 294:60-68

Walker FR: A critical review of the mechanism of action for the
selective serotonin reuptake inhibitors: do these drugs possess anti-
inflammatory properties and how relevant is this in the treatment of
depression? Neuropharmacology 2013; 67:304-317

Brodney MA, Johnson DE, Sawant-Basak A, et al: Identification of
multiple 5-HT, partial agonist clinical candidates for the treatment of
Alzheimer’s disease. J Med Chem 2012; 55:9240-9254

Mohler EG, Shacham S, Noiman S, et al: VRX-03011, a novel 5-HT4
agonist, enhances memory and hippocampal acetylcholine efflux.
Neuropharmacology 2007; 53:563-573

Am J Psychiatry 175:3, March 2018

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

BARTELS ET AL.

Anacker C, Zunszain PA, Cattaneo A, et al: Antidepressants increase
human hippocampal neurogenesis by activating the glucocorticoid
receptor. Mol Psychiatry 2011; 16:738-750

Colombo A, Wang H, Kuhn PH, et al: Constitutive a- and B-secretase
cleavages of the amyloid precursor protein are partially coupled in
neurons, but not in frequently used cell lines. Neurobiol Dis 2013; 49:
137-147

Wyss-Coray T, Rogers J: Inflammation in Alzheimer disease: a brief
review of the basic science and clinical literature. Cold Spring Harb
Perspect Med 2012; 2:a006346

Setiawan E, Wilson AA, Mizrahi R, et al: Role of translocator protein
density, a marker of neuroinflammation, in the brain during major
depressive episodes. JAMA Psychiatry 2015; 72:268-275

Shelton RC, Claiborne J, Sidoryk-Wegrzynowicz M, et al: Altered
expression of genes involved in inflammation and apoptosis in
frontal cortex in major depression. Mol Psychiatry 2011; 16:751-762
Taler M, Gil-Ad I, Korob I, et al: The immunomodulatory effect
of the antidepressant sertraline in an experimental autoimmune
encephalomyelitis mouse model of multiple sclerosis. Neuro-
immunomodulation 2011; 18:117-122

Vollmar P, Nessler S, Kalluri SR, et al: The antidepressant venlafaxine
ameliorates murine experimental autoimmune encephalomyelitis
by suppression of pro-inflammatory cytokines. Int J Neuropsycho-
pharmacol 2009; 12:525-536

Fontana DJ, Daniels SE, Eglen RM, et al: Stereoselective effects of
(R)- and (S)-zacopride on cognitive performance in a spatial navi-
gation task in rats. Neuropharmacology 1996; 35:321-327

Galeotti N, Ghelardini C, Bartolini A: Role of 5-HT4 receptors in the
mouse passive avoidance test. J Pharmacol Exp Ther 1998; 286:1115-1121
Molendijk ML, Bus BA, Spinhoven P, et al: Serum levels of brain-
derived neurotrophic factor in major depressive disorder: state-trait
issues, clinical features, and pharmacological treatment. Mol Psy-
chiatry 2011; 16:1088-1095

Duman RS: Novel therapeutic approaches beyond the serotonin
receptor. Biol Psychiatry 1998; 44:324-335

Buchman AS, Yu L, Boyle PA, et al: Higher brain BDNF gene ex-
pression is associated with slower cognitive decline in older adults.
Neurology 2016; 86:735-741

Matchkov VV, Kravtsova VV, Wiborg O, et al: Chronic selective
serotonin reuptake inhibition modulates endothelial dysfunction
and oxidative state in rat chronic mild stress model of depression. Am
J Physiol Regul Integr Comp Physiol 2015; 309:R814-R823

Bubu OM, Brannick M, Mortimer J, et al: Sleep, cognitive impair-
ment, and Alzheimer’s disease: a systematic review and meta-
analysis. Sleep 2017; 40:zsw032

ajp.psychiatryonline.org 241


http://ajp.psychiatryonline.org

