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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 plaque 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.

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.

AmJ Psychiatry 2018; 175:232–241; doi: 10.1176/appi.ajp.2017.17040404

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 associatedwith slower conversion fromMCI
to Alzheimer’s dementia (3, 4).

Late-life depression is associatedwith 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

cognitivelynormalhumans, long-termmedicationwiththeSSRI
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-b (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-b42, as sug-
gested by preclinical studies. To that end, we analyzed data
from the multicenter, prospective, longitudinal Alzheimer’s
DiseaseNeuroimagingInitiative(ADNI)cohort.Thiscohorthas
so far enrolled more than 1,500 participants, predominantly
patientswith amnesticMCIorAlzheimer’s dementia, aswell as
cognitively normal control subjects, all of whom undergo ex-
tensive neuropsychological assessments annually. The ADNI
cohort isexceptionalas it provides a uniquedata set of expertly
diagnosed participants, includingMRIdata, 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 symptomsof
depression (definedas a score$6on theGeriatricDepression
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-
cludingsymptomsoradiagnosisofdepressionand, if applicable,
date of onset. (Formore 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, patientswithMCI, andpatientswith
Alzheimer’s dementia andwere 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

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,
includingantidepressants,wererecordedretrospectivelyand
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-
b1–42, total tau, and tau phosphorylated at threonine 181
(p-tau181) 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-b1–42, total tau,
p-tau181, and soluble APPb (sAPPb) (27) were downloaded
from the ADNI data repository.

Study Sample and Group Design
ADNI 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
theirmedical history. Information about previous depression
wasobtainedaspartof theparticipants’ self-reportedmedical
history. Participants and their informants or caretakers were
askedby 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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GeriatricDepressionScale scoresof6and7, 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-
santswith a differentmode 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 “nohistory 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.

WeperformedKaplan-Meiersurvival analysis todetermine
the impact of a history of depression and assignment to the
different antidepressant treatment groupson time todementia
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

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 participantswith CSF baseline datawere
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 subsamplewas representative of the full ADNI
sample with respect to gender, number of ApoE4 alleles,
education, ethnicity, baselineMMSEscore, andReyAuditory
Verbal Learning Test sum trials 1–5 and forgetting scores.
Minor differences inmean 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% formore than4years. (Further informationon typeand
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-
tientswithMCIandahistoryofdepressioncomparedwithpa-
tientswithMCI andnopreviousdepression (log-rankx2=0.77,
p=0.38; D mean survival time=2172 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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depression–no antidepressants. The cumulative probability of
progression was lower in the SSRI-treated subgroup compared
with the other-antidepressants subgroup (log-rank x2=9.16,
p=0.002; D 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 x2=8.66,
p=0.003; D mean survival time=2654 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-
mentiawas lower in patients with a history of depression and
long-term SSRI treatment compared with treatment with
other antidepressants (log-rank x2=14.34, p#0.001; D mean

survival time=891 days) and short-term SSRI treatment (log-
rank x2=7.07, p=0.008; D mean survival time=884 days). All
other group comparisons didnot showsignificant 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 x2=8.66, p=0.003; D mean survival time=2654 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 x2=5.60, p=0.02; D mean survival time=188 days;
prior depression–other antidepressants: log-rank x2=13.54,
p#0.001; Dmean survival time=343 days; prior depression–no
antidepressants: log-rank x2=6.66, p=0.01; D mean survival
time=177 days; no prior depression–no antidepressants:
log-rank x2=6.20, p=0.01; D mean survival time=162 days)

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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(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 x2=5.03, p=0.03; Dmean survival
time=2181 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
of3yearswasdeterminedbythe leastdifference inestimatesof
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-b1–42 levels

yielded similar results in all survival analyses (data not
shown).

SSRI Treatment and CSF Amyloid-b1–42 Levels in
MCI Patients
We next analyzed whether, in the MCI group, a previous
depressionmight be associated with lower CSF amyloid-b1–42
or higher tau, p-tau181, and sAPPb 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 S1A–D, left
panels, in the online data supplement).

If SSRI treatment conferred its beneficial effect by in-
hibiting amyloid-b1–42 generation, as has been proposed
(12, 15), CSF levels of amyloidogenic APP cleavage products,
such as soluble APP sAPP-b (28) and CSF amyloid-b1–42,
should be lower in the SSRI treatment group. To unravel a
potential effect of SSRI treatment on CSF amyloid-b1–42, we

TABLE 1. Baseline Characteristics of ParticipantsWithMild Cognitive Impairment (MCI) (N=438) in a Study of the Impact of SSRI Therapy
on Risk of Conversion From MCI to Alzheimer’s Dementiaa

Prior Depression (N=137)

Characteristic

No Prior
Depression
(N=301)

Total
(N=137)

No
Antidepressants

(N=37)
SSRIs
(N=67)

Other
Antidepressants

(N=33)

Mean SD Mean SD Mean SD Mean SD Mean SD p

Age (years) 73.3 7.5 71.1 8.0 72.4 8.4 70.7 8.0 70.3 7.6 0.02
Education (years) 15.9 2.9 16.5 2.7 16.9 2.4 15.9 2.8 17.2 2.4 0.01
Mini-Mental Status Examination score 27.5 1.9 27.8 1.7 27.5 1.9 28.2 1.6 27.5 1.5 0.06
Rey Auditory Verbal Learning Test
Sum trials 1–5 34.0 10.3 35.3 11.3 36.3 12.4 36.0 10.7 32.8 11.2 0.26
Forgetting score 4.1 2.6 4.3 2.6 4.1 2.4 4.6 2.7 3.8 2.7 0.39

Geriatric Depression Scale score 1.5 1.4 1.9 1.4 1.6 1.3 1.9 1.3 2.1 1.5 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 statusb 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

a 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.
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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-b1–42,
tau,p-tau181,orsAPP-b levels (seeFigureS1A–D,rightpanels, 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-b1–42 levels (F=32.24, p#0.001; partial eta2=
0.13, i.e., moderate to large effect), followed by age (F=42.57,
p#0.001; partial eta2=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-b1–42 concentrations in participants with MCI
(F=1.78, p=0.32; partial eta2=0.008).

Additionally, MCI participants were categorized into
amyloid-b1–42positive(CSFbaselineamyloid-b1–42,192pg/mL)
and negative (amyloid-b1–42 $192 pg/mL) subgroups. The
distribution of patients into these groups did not differ sig-
nificantly betweenMCIpatientswith andwithout 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 associatedwith ahistory 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-b1–42, 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
anotherprospectivecohort (30) inwhichahigher rateofMCI

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, whichmay
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 exposuremay reflect
early-onset depression,whereas shorter treatment timesmay
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-
mentwith other, non-SSRI antidepressantswould 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 SSRI
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

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 % N % Odds Ratio 95% CI p

Cognitively normal (N=161) 24 15 137 85
MCI (N=438) 137 31 301 69 2.60 1.61–4.20 ,0.001
Alzheimer’s dementia (N=156) 62 40 94 60 3.77 2.20–6.46 ,0.001
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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.

A recent study (7) demonstrated that ahistory 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

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 determinewhether
SSRI treatment effects are limited topatientswith ahistory 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

FIGURE2. Kaplan-MeierSurvivalAnalyses forConversionofMildCognitive Impairment (MCI) toAlzheimer’sDementia inPatientsWithand
Without Histories of Depression and Antidepressant Treatmenta
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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 andantidepressantuse, and thesedatadidnot cover
the period prior to the starting date of current antidepressant
medication taken at baseline. Thus, we cannot exclude the
possibility thatpatients in thenon-SSRIgroupreceivedSSRIs
during previous depressive episodes or that patients in the
SSRIgrouppreviously receivednon-SSRIantidepressants.Of
note, changes in antidepressant treatment during the observa-
tion period were monitored, and patients whose treatment
changedwere excluded from the analysis, aswerepatients on
multiple antidepressants.

SSRI Treatment Effects
Previous studies suggest that SSRIs enhance thea-secretase-
dependent processing of APP, thus lowering amyloidogenic
APP cleavage and amyloid-b1–42 production. Inhibition of
amyloid-b1–42 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-b1–42 levels between the antidepres-
sant treatment groups in our study. Lower production rates
of CSF amyloid-b1–42 have been observed in healthy vol-
unteers after acute administration of citalopram (15), al-
though another study obtained conflicting results (33). In a
trialwith thea-secretase activator acitretin (34), no changes
in steady-state CSF amyloid-b1–42 concentrations were
observed, although thea-secretase cleavageproduct 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-b 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 itmust 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 canmodulate key inflammatory factors,
such as tumor necrosis factor alpha (36), interleukins-1b
and -6, and reactive oxygen stress. Interestingly, in a mouse
model, SSRIswere 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-HT4 receptors. 5-HT4
receptor stimulation has been shown to increase acetylcholine
release and to counteract the cognitive impairment induced

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 ofmost 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 toother antidepressants,mayup-regulate serumbrain-
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-
cularendothelialgrowthfactor(VEGF)(49).Decreasedlevelsof
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
an important comorbidity factor inAlzheimer’sdementia 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 sleepdisturbances, appetite, ornutrition,whichare
associated with a higher risk of dementia (52).

Despite the lack of changes in CSF amyloid-b1–42 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)data in our data set (N=7),wewere not able to correlate
amyloid plaque load with different antidepressant treat-
ments. Clearly, a prospective studywith 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
treatmentmay be beneficial in elderly patients withMCI and
a history of depression even after affective symptoms have
resolved, as this was associated with a 3-year delay in con-
version ofMCI to Alzheimer’s dementia. A prospective study
to confirmSSRI effects onMCIprogression is nowwarranted,
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.
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