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Abstract.
Background: Depression is a common manifestation in Alzheimer’s disease (AD). In clinical practice, antidepressant
medication is often used for depression in AD.
Objective: We explore the effectiveness of the atypical antidepressant tianeptine compared with other conventional antide-
pressants in AD patients with depression in a real-life setting.
Methods: We retrospectively identified 126 AD patients who had received antidepressant treatment for 12 months with
tianeptine or other antidepressants. Subjects were divided into two groups according to the treatment they had received:
tianeptine group (n = 38) or other antidepressant group (n = 88). Drug effects on depression, cognition, behavior, and functional
performance were evaluated at baseline, 6, and 12 months. A Mixed Effects Model Analysis was carried out to evaluate changes
in performance scores.
Results: Both tianeptine and other antidepressants showed an antidepressant effect after 12 months with significant improve-
ment on the Cornell Scale for Depression in Dementia, the Hamilton Depression Rating Scale, and the Neuropsychiatric
Inventory-Depression subscale. A statistically significant improvement at 12 months was shown in the tianeptine group versus
the other antidepressants group on most of the cognitive measures such as the Mini-Mental State Examination, the Letter and
Category Fluency Test, the Rey Auditory Verbal Learning Test, and the Boston Naming Test.
Conclusion: Our results suggest that tianeptine reduces depressive symptoms and improves cognition in AD patients. This
could be considered clinically relevant and should inspire the design of future long-term randomized controlled trials that
contribute to supporting the use of tianeptine for improving cognitive function in AD patients.
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INTRODUCTION

Alzheimer’s disease (AD) is the major cause of
dementia in the elderly, accounting from 60% to 80%
of all of cases [1]. Although the cognitive and func-
tional symptoms have been those characteristically
identified in subjects with dementia, the neuropsy-
chiatric symptoms have been taking on increasing
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importance in recent years. Depression represents
one of the most common neuropsychiatric conditions
among patients affected by AD both early in the cog-
nitive decline and later when the dementia process
is most severe [2, 3]. The prevalence of clinically
significant depressive symptoms in individuals with
AD, including mood changes, social withdrawal, irri-
tability, and suicidal ideation, ranges from 10% to
86% [4], although the prevalence of depression based
on accepted diagnostic criteria is estimated between
20% and 45% [5]

Depression coexistent with AD has been associ-
ated with poor quality of life [6], increased caregiver
burden [7], higher use of psychoactive drugs [8], more
rapid cognitive decline and limitations in activities of
daily living [9, 10], increased risk of nursing-home
placement [11, 12], and mortality [13].

In clinical practice, antidepressant medication is
often used for the treatment of depression along
with nonpharmacologic strategies in AD. However,
some recent systematic reviews of antidepressants
for treating depression in dementia do not provide
strong support for the efficacy of antidepressants for
treating depression in dementia. The evidence on
remission rates favored antidepressants but was of
moderate quality [14, 15]. However, despite major
concerns about potential side effects and efficacy,
antidepressants remain widely used in practice [16].
In fact, despite the lack of definitive evidence of
their efficacy, people with AD have three times more
antidepressant prescriptions than people of the same
age without dementia [17]. In addition, the manage-
ment of depression in these patients is complicated
by comorbid medical conditions, potential drug inter-
actions, increased vulnerability to side effects of
medications, and drug costs [5, 18]. Therefore, it is
of interest to investigate the effects of new treatments
for depression that may in turn have benefits for the
treatment of depression in AD.

In recent years, it has been shown that neuro-
transmitter dysfunction in depression goes beyond
monoaminergic hypothesis, with glutamate becom-
ing increasingly important [19]. Elevated glutamate
levels in the central nervous system of depressed
patients [20] and abnormalities of the glutamatergic
receptor N-methyl-D-aspartate (NMDA) have been
found in suicide victims and in patients with major
depression [21]. In AD, both behavioral disturbance
and cognitive impairment are thought to be associ-
ated with NMDA receptor dysfunction as increasing
evidence of dysfunctional glutamatergic neurotrans-
mission had been reported in behavioral changes and

cognitive decline in such patients. Literature suggests
that behavioral disturbance and cognitive impairment
of AD may be associated with excitatory neurotoxic
effects which result in impairment of neuronal plas-
ticity and degenerative processes [22].

In this sense, tianeptine is an atypical antide-
pressant drug which has been shown to modulate
glutamatergic transmission, and its effects on neu-
roplasticity have been extensively studied in the
hippocampus and amygdala [23]. In addition, tianep-
tine is an efficacious �-opioid receptor agonist and
to a lesser extent, δ-opioid receptor agonist, without
affecting the Kappa receptor. Tianeptine’s relation-
ship with the �-opioid receptor is characterized by
triggering transduction mechanisms that are proba-
bly different to those of the conventional opioids, and
this might be indirectly involved in the mechanism of
its antidepressant action. The special action of tianep-
tine on opioid receptors might explain the release of
dopamine in the limbic system and also participate in
the modulation of glutamatergic mechanisms. Thus,
the properties of tianeptine as a very unique opioid
might contribute to its antidepressant properties [24].

This differential action with most of the currently
in use antidepressants could explain additional prop-
erties: The glutamatergic neurons in the human brain
project their axons to subcortical regions, such as
the locus coeruleus, the raphe nuclei, and the sub-
stantia nigra. In those nuclei, glutamatergic neurons
modulate monoaminergic pathways, allowing the
glutamatergic system to participate in physiological
functions such as memory and cognition and oth-
ers related to neurotrophicity and neuronal plasticity
[25]. Therefore, tianeptine as a glutamatergic modu-
lator, among other mechanisms, allows us to approach
depression from a different point of view than other
antidepressants.

The efficacy and tolerability of tianeptine are
clearly demonstrated in depressed patients [26]. In
addition, several studies have shown its effects on
cognition in preclinical rat models [27, 29] and
clinical evidence also supports an improvement in
cognitive function following treatment with tianep-
tine in patients diagnosed as having major depression
or bipolar disorder [30, 31]. However, to date, no
studies have been carried out on elderly patients with
dementia.

The aim of the present study was to explore
the effectiveness of tineptine compared with current
antidepressant treatments on depression and cogni-
tive functions in AD patients in a real-life setting. To
this end, we carried out a retrospective analysis of
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service provision data over a 12-month period from
the Instituto Andaluz de Neurociencia (IANEC) in a
sample of people suffering from AD.

METHODS

Patient selection

We retrospectively identified patients with a diag-
nosis of Alzheimer’s disease (AD) attending the
Alzheimer Disease Center and Memory Clinic of the
Instituto Andaluz de Neurociencia (IANEC), Málaga,
Spain, between January 2019 and December 2020.
The diagnosis of AD was made by a neurologist or
psychiatrist based on the benchmarks set forth by
the National Institute on Aging Alzheimer’s Asso-
ciation workgroups (NIA/AA). To be included in the
study all AD patients also had to have a 15-item
Geriatric Depression Scale score > 5 [32]. This score
is a criterion to prescribe an antidepressant at the
IANEC. In this study, cases with lower scores and
therefore not medicated were excluded. In addition,
none of the patients included in the study had a pre-
existing history of depression and this was their first
depressive episode treated with antidepressants. In
order to assess the possible effectiveness of tianeptine
on cognitive functions in AD patients, we recruited
patients clinically defined in stages 4 (mild dementia)
or 5 (moderate dementia) of the Global Deterioration
Scale [33] on the assumption at this level of impair-
ment the benefits on cognition might become more
evident.

The study was conducted using patients selected
from the IANEC records. The data were collected
by clinical investigators from the patient medical
records, including treatment with antidepressants,
physical examination, neurological and psychiatric
examination, neuropsychological assessment, and
magnetic resonance imaging (MRI). As part of the
routine clinical follow-up, patients at the IANEC are
evaluated for the first time upon admission and every
six months including information on demographic
and clinical characteristics: sex, age, educational
level, AD diagnosis, personal and family history,
personal psychiatric history, general medication, vas-
cular risk factors (VRFs) such as hypertension,
dyslipidemia, heart disease, diabetes, and obesity, and
antidementia drugs. The duration of dementia was
calculated from the initial diagnosis of AD made by
a specialist to the time of diagnosis of depression at
the IANEC.

Excluded from the study were patients who, in
addition to the diagnosis of AD, had any evidence of
focal vascular lesions (such as hematomas), strokes,
normal pressure hydrocephalus; significant neuro-
logic antecedents, such as brain trauma, brain tumors,
epilepsy or inflammatory disease; those with serious
systemic diseases such as hypothyroidism or chronic
renal failure; those with a history of severe men-
tal illness, personality disorder, substance abuse, or
developmental disorders; absence of a complete med-
ical history to assess the study variables, and presence
of a sensory disorder (e.g., severe vision and hearing
impairment), and those without a legal representative
who could sign the informed consent to review their
medical records.

Patients were receiving treatment for 12 months
with any of the following drugs and doses: donepezil
(5 or 10 mg daily), galantamine (16 or 24 mg
daily), rivastigmine patch (9.5 or 13.3 mg daily), or
memantine (20 mg daily). Patients also were receiv-
ing stable doses of other classes of medications
including antihypertensives, anticoagulants, calcium
channel blockers, diuretics, lipid-reducing agents,
and antidiabetic drugs. No patient started any antipsy-
chotic medication during the study period. Regarding
antidementia drugs, no patient changed their medica-
tion and none of them took combined treatment with
AChEI plus memantine during the study period.

AD subjects who received treatment for at least
12 months with any of the following drugs were
considered as candidates: tianeptine (25 mg daily),
escitalopram (10 to 15 mg daily), paroxetine (20 mg
daily), bupropion (150 mg daily), venlafaxine (75 to
150 mg daily), and sertraline (50 mg daily). Each
patient only received treatment with a single antide-
pressant. Subjects were divided into two groups
according to the treatment they had received: Patients
receiving tianeptine (n = 38) versus patients receiv-
ing any of the other antidepressant drugs above
listed (n = 88). In the latter group, 22 patients
(25%) were taking escitalopram, 18 patients (20%)
were taking bupropion, 17 patients (19%) were
taking sertraline, 16 patients (18%) were taking
paroxetine, and 15 patients (17%) were taking ven-
lafaxine. In addition to pharmacological treatment,
all selected subjects participated in a psychostimula-
tion program as part of the activities they routinely
perform at the memory clinic. Briefly, the main
activities are aimed at cognitive functions, personal
and spatial orientation, and improvement of psy-
chomotor skills. Patients are also encouraged to
participate in recreational or occupational activities.



710 J.M. Garcı́a-Alberca et al. / Tianeptine in Alzheimer’s Disease

Both groups maintained adherence to the psychos-
timulation program throughout the duration of the
study.

During the study period, a total of 329 patients
with AD were identified. From these 37 potential
participants were excluded because they had insuf-
ficient documentation in their medical record, 35 had
a pre-existing history of depression, 31 were taking
more than one antidepressant, 25 did not maintain the
same antidepressant during the 12-month follow-up,
21 initially candidates were unable to be contacted,
12 refused, and 42 were excluded according to the
study criteria.

This is considered a pilot study and hence, the sam-
ple size in this retrospective study was not ascertained
a priori due to the lack of appropriate information for
a formal calculation. The study was approved by the
local ethics committee and an informed consent was
obtained from patients or their representative care-
givers.

Assessment

Recorded data were collected on the effects of
drugs on depression, cognition, behavior, and func-
tional performance. Assessments were conducted at
three time points: when the diagnosis of depression
was made and antidepressant treatment started, and
at 6 and 12 months thereafter using the following
neuropsychological tests.

Depression

The Cornell Scale for Depression in Dementia
(CSDD) was administered as a 19-item semi-
structured interview, with scores above 10 indicating
a probable major depression and scores above 18
indicating a definite major depression. It is espe-
cially designed for assessing depression in dementia
patients and has internal consistency, and validity
[34]. The Hamilton Depression Rating Scale (HDRS)
(17 items version) must be completed at the end
of a semi-structured interview by a trained clin-
ician, and it focus basically on the somatic and
behavioral components of depression. The higher the
score, the higher the depression is [35]. The Neu-
ropsychiatric Inventory (NPI) is composed of 12
subscales that evaluate the most frequent behavioral
and psychological symptoms in AD patients [36].
As a secondary depression outcome measure, the
depression subscale of the NPI (NPI-D) was carried
out. If depression was present during the previous
month, frequency, severity, and composite (frequency

x severity) scores were obtained. Frequency was
rated from 1 to 4 while severity could vary from
1 to 3.

Cognitive function

The Mini-Mental State Examination (MMSE) is
the most commonly used test for the screening of cog-
nitive functioning. Possible scores range from 0 to 30
points, where higher scores indicate better cognitive
function [37].

The Rey Auditory Verbal Learning Test (RAVLT)
is a verbal list-learning and memory test to assess
verbal episodic memory. The RAVLT consists of 5
repeated learning trials of the same 15-word list, with
immediate and delayed recall trials after 3 and 30 min,
respectively, as well as recognition tests. In this study
we used the total sum of words recalled across the five
trials to measure total encoding [38].

The Symbol Digit Modalities Test (SDMT) is
a widely used measure of information processing
speed. The subject is presented with a page headed
by a key that pairs the single digits 1–9 with nine
symbols. Rows below contain only symbols, and the
subject’s task is to write or orally report the correct
number in the spaces below. After completing the
first 10 items with guidance, the subject is timed to
determine how many responses can be made in 90 s
[39].

The Boston Naming Test (BNT) is the best-known
neuropsychological test used widely for evaluating
linguistic ability which includes object naming and
word retrieval. In this study we used the abbreviated
15-item version [40].

The Trail Making Test is a tool that is used for
the assessment of the ability to flexibly switch atten-
tion between competing task-set representations. The
TMT comprises of two task components, TMT-A and
TMT-B. The TMT-A requires the participant to draw
lines and connect circled numbers in a numerical
sequence. In the TMT-B, the participant is asked to
draw lines to connect circled numbers and letters in
an alternating numeric and alphabetic sequence. The
participant is instructed to complete both task compo-
nents as fast and accurately as possible without lifting
the pen from the worksheet [41].

Letter fluency test (LFT) and Category fluency
test (CFT) were used to assess verbal fluency. Both
involve the activation of multiple cognitive processes
engaging verbal knowledge and executive function
to inhibit repetitions. In the LFT, subjects were
instructed to say as many words as possible that begin
with the letter ‘P’ for 1 min. In the CFT, the subjects
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were asked to list as many animals as possible within
1 min [42].

Neuropsychiatric symptoms

The study of behavioral and psychological symp-
toms of dementia was carried out using the NPI. A
composite score for each of the 12 subscales was
obtained by multiplying frequency by severity, with
a maximum of 12 points. A total composite score can
be obtained ranging from 0 to 144 [36].

Functional status

The patients’ performance on activities of daily life
was assessed using the Interview for Deterioration
in Daily Living (IDDD). Possible scores range from
33 to 99 points, where higher scores indicate worse
functional ability [43].

Statistical analysis

Demographic variables were reported using the
mean and standard deviation in the case of quanti-
tative variables, and number and percentage in the
case of qualitative. Baseline differences between the
two treatment groups were assessed by an analysis of
variance (ANOVA) or nonparametric tests, as appro-
priate.

A Mixed Effects Model Analysis for repeated mea-
surements was carried out in order to be able to
evaluate changes in depression, cognitive, functional
and neuropsychiatric scores, and excuse participants
with a missing value in some of the follow-up assess-
ments. The effect of time (between the mean baseline
measurements and each time point), treatment and
treatment by time interactions were evaluated. The
change scores at 6- and at 12-month follow up and the
mean change scores differences within and between
groups were calculated from the mixed model using
estimated linear combinations.

All analyses were controlled for sex, age at base-
line, and years of education. Post hoc analyses for
multiple comparisons were conducted using Bon-
ferroni’s correction. Cohen’s d standardized effect
sizes were calculated and defined as small d = 0.20,
medium d = 0.50, and large d = 0.80 [44]. Cohen’s d
values are presented so that a positive effect size indi-
cates improvement in the active (tianeptine) group
versus control and vice versa.

SPSS Statistics (Version 25.0, IBM Corp.,
Armonk, NY, USA) was used for the analyses and
the significance level was set at p ≤ 0.05.

RESULTS

Demographic and baseline scores

A total of 126 patients met the inclusion criteria
and their data were available for analysis (81 female,
45 male). Patients had a mean age of 75.51 ± 5.54
years (range 65–95) and mean years of education
of 6.52 ± 1.95 (range 4–13). The education level is
low because the patients in the sample belong to
a generation born at a time when the educational
systems in Spain were in disarray, which implies
that the quality of early education was poor in this
period.

All patients were Caucasian. Fifty-eight (40%)
patients suffered from hypertension, 25 (18.8%) suf-
fered from diabetes, and 44 (34.9%) suffered from
dyslipidemia. Mean body mass index score was
24.2 ± 3.2. At baseline, there were no statistically
significant differences between the two groups for
the demographic and clinical variables, vascular risk
factors, and antidementia drugs (Table 1). Neuropsy-
chological, neuropsychiatric, and functional perfor-
mance of patients at baseline is shown in Table 2.

Depression measures

Table 3 shows the results from the mixed model
analysis at time 1 and time 2 for both groups. When
considering the between group changes in the NPI-
D, the results reveal a statistically significant time
by treatment effect (F(1, 124) = 9.975, p = 0.002).
The tianeptine group performed better than the other
antidepressants group at 6-month follow-up (mean
change score –1.63 ± 1.07 versus –1.10 ± 0.75,
p = 0.003) and at 12-month follow-up (mean change
score –1.87 ± 1.21 versus –1.22 ± 0.82, p = 0.002)
(Fig. 1). There were no statistically significant
differences between the tianeptine group and the
other antidepressants group with regard to the
CSDD (F(1, 124) = 0.145, p = 0.882) and the HDRS
(F(1, 124) = 1.066, p = 0.582). With regard to the
within group changes, both the tianeptine group and
the other antidepressants group yielded significant
improvement in the NPI-D, CSDD, and HDRS at 6
months (p < 0.001 in all three cases) and at 12 months
(p < 0.001 in all three cases) versus baseline.

Cognitive function measures

Results from mixed model analysis at time 1 and
time 2 for both groups are presented in Table 3.
When considering the between group changes in
the MMSE, the Mixed Model analysis showed a
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Table 1
Demographic and clinical characteristics of patients at baseline

Variable Overall Tianeptine Other p
(n = 126) group antidepressants

(n = 38) group (n = 88)

Age 75.51 ± 5.54 74.87 ± 4.44 75.78 ± 5.96 0.342
Sex

Female 81 (64.3) 26 (68.4) 55 (62.5) 0.524
Male 45 (35.7) 12 (31.6) 33 (37.5)

Ethnicity
Caucasian 126 (100) 38 (100) 88 (100)

Marital status
Married 47 (37.3) 15 (39.5) 32 (36.4) 0.937
Single/divorced 11 (8.7) 3 (7.9) 8 (9.1)
Widowed 68 (54.0) 20 (52.6) 48 (54.5)

Duration, months 31.97 ± 9.58 29.79 ± 6.22 32.91 ± 10.61 0.094
Education, years 6.52 ± 1.95 6.58 ± 2.11 6.50 ± 1.89 0.843
AChEI 79 (62.7) 22 (57.9) 41 (46.6) 0.312
Memantine 47 (37.3) 16 (42.1) 47 (53.4) 0.621
Hypertension 58 (40.0) 17 (44.7) 41 (46.6) 0.435
Dyslipidemia 44 (34.9) 13 (34.2) 31 (35.2) 0.247
Diabetes 25 (18.8) 8 (21.1) 17 (19.3) 0.541
Heart disease 23 (18.2) 11 (28.9) 12 (13.6) 0.371
BMI, Kg/m2 24,2 ± 3.2 25.6 ± 2.9 24.8 ± 3.0 0.349
GDS 8.72 ± 2.36 8.86 ± 2.41 8.74 ± 2.39 0.463

Values are mean ± SD or number (%). Independent samples t-test were used for continuous data and
χ2 on categorical data. BMI, body mass index; GDS, Geriatric Depression Scale.

Table 2
Neuropsychological, neuropsychiatric, and functional performance of patients at baseline

Variable Overall Tianeptine Other p
(n = 126) group antidepressants

(n = 38) group (n = 88)

MMSE 20.88 ± 2.00 21.11 ± 1.79 20.78 ± 2.09 0.384
RAVLT 18.34 ± 2.88 18.84 ± 2.64 18.13 ± 2.97 0.181
CFT 8.83 ± 1.09 8.87 ± 0.70 8.81 ± 1.22 0.723
LFT 8.67 ± 1.06 8.89 ± 0.95 8.57 ± 1.09 0.095
TMTA 162.44 ± 22.14 160.82 ± 21.42 163.15 ± 22.52 0.583
TMTB 245.94 ± 31.24 251.32 ± 28.52 243.61 ± 32.21 0.185
SDMT 24.17 ± 8.20 24.26 ± 4.38 24.14 ± 9.40 0.918
BNT 10.13 ± 1.58 9.84 ± 0.89 10.25 ± 1.79 0.090
NPI 22.44 ± 3.53 21.95 ± 3.04 22.66 ± 3.72 0.264
NPI-D 4.02 ± 1.30 4.13 ± 1.21 3.97 ± 1.34 0.498
HDRS 14.87 ± 4.12 14.00 ± 4.60 15.24 ± 3.86 0.152
CSDD 15.69 ± 4.27 15.34 ± 4.95 15.84 ± 3.97 0.585
IDDD 52.13 ± 13.17 51.71 ± 13.61 52.31 ± 13.04 0.820

Values are mean ± SD or number (%); p-values from Student’s t test. MMSE, Mini-Mental State Exam-
ination; RAVLT, Rey Auditory Verbal Learning Test; CFT, Category Fluency Test; LFT, Letter Fluency
Test; TMTA, Trail Making Test part A; TMTB, Trail Makin Test part B; SDMT, Symbol Digit Modalities
Test; BNT, Boston Naming Test; NPI, Neuropsychiatric Inventory; NPI-D, Neuropsychiatric Inventory
Depression subscale; HDRS, Hamilton Depression Rating Scale; CSDD, Cornell Scale for Depression
in Dementia; IDDD, Interview for Deterioration in Daily Living Activities in Dementia.

statistically significant time by treatment effect (F(1,
124) = 13.427, p < 0.001). The tianeptine group per-
formed better than the other antidepressants group at
6-month follow-up (mean change score 0.57 ± 0.68
versus 0.09 ± 0.89, p = 0.001) and at 12-month
follow-up (mean change score 0.97 ± 0.86 versus

0.06 ± 1.13, p < 0.001) (Fig. 1). Regarding the within
group changes, the tianeptine group yielded signif-
icant improvement in the MMSE at 6 (p < 0.001)
and at 12 months (p < 0.001) versus baseline. The
other antidepressants group did not render significant
baseline-to-endpoint differences in the MMSE.
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Table 3
Results from the linear mixed models for tianeptine and the other antidepressants group

Variable T1: 6 mo Tianeptine group (n = 38) Other antidepressants group (n = 88) Between groups
T2: 12 mo change score

at T1 and T2Means (SD) Change Change p #d Means (SD) Change Change p #d d
score at T1 score at T2 score at T1 score at T2

MMSE T0 21.11 (1.79) 0.45 (0.65) 0.97 (0.86) < 0.001 0.38 20.78 (2.09) 0.09 (0.89) 0.06 (1.13) 0.214
T1 21.55 (1.78) 20.83 (2.19) 0.38∗ 0.35
T2 22.08 (1.84) 20.80 (2.20) 0.61∗∗ 0.70

RAVLT T0 18.84 (2.64) 0.34 (0.58) 0.68 (0.93) 0.001 0.43 18.13 (2.97) –0.07 (0.67) –0.06 (1.01) 0.771
T1 19.18 (2.65) 18.06 (2.89) 0.17∗∗ 0.27
T2 19.63 (2.60) 18.10 (3.08) 0.52∗∗ 0.58

CFT T0 8.87 (0.70) 0.62 (0.79) 1.26 (0.87) < 0.0001 0.54 8.81 (1.22) 0.23 (1.73) 0.19 (0.67) 0.189
T1 9.42 (0.83) 9.03 (1.21) 0.39
T2 10.16 (0.92) 8.90 (1.18) 0.57∗∗∗ 0.64

LFT T0 8.89 (0.95) 0.75 (0.73) 1.40 (0.86) < 0.0001 0.56 8.57 (1.09) 0.18 (0.87) 0.12 (0.84) 0.324
T1 9.58 (1.11) 8.69 (1.32) 0.47∗∗ 0.58
T2 10.29 (1.18) 8.62 (1.34) 0.58∗∗∗ 0.68

TMTA T0 160.82 (21.42) –4.42 (2.80) –8.55 (4.40) 0.231 163.15 (22.52) –0.63 (2.44) –0.31 (23.31) 0.311
T1 156.39 (21.34) 162.75 (22.14) –3.79
T2 152.26 (20.90) 163.25 (21.89) –8.24

TMTB T0 251.32 (28.52) –5.95 (11.05) –3.47 (23.05) 0.421 243.61 (32.21) –2.13 (9.61) –2.95 (24.01) 0.351
T1 244.45 (34.69) 242.50 (33.22) –3.82
T2 239.97 (37.58) 240.78 (35.32) –0.52

SDMT T0 24.26 (4.38) –0.97 (4.20) –1.45 (4.75) 0.313 24.14 (1.00) –1.96 (6.02) –3.39 (7.54) 0.244
T1 23.39 (3.65) 23.12 (0.76) 0.99
T2 22.37 (3.06) 20.85 (0.67) 1.94

BNT T0 9.84 (0.14) 0.28 (0.88) 1.43 (0.94) < 0.001 0.49 10.25 (0.19) 0.15 (0.85) 0.12 (0.97) 0.412
T1 10.13 (0.13) 10.41 (0.21) 0.43
T2 11.21 (0.15) 10.16 (0.21) 0.51∗∗ 0.57

NPI T0 21.95 (3.04) –6.74 (3.84) –10.13 (3.81) < 0.001 0.36 22.66 (3.72) –3.51 (3.93) –8.43 (3.51) < 0.001 0.51
T1 16.21 (3.53) 19.48 (3.53) –0.23
T2 14.60 (3.54) 14.22 (3.59) 0.30

NPI-D T0 4.13 (1.21) –1.63 (1.07) –1.87 (1.21) < 0.001 0.21 3.97 (1.34) –1.10 (0.75) –1.22 (0.82) < 0.001 0.15
T1 2.50 (0.73) 2.84 (1.04) –0.53∗∗∗ 0.57
T2 2.26 (0.68) 2.73 (0.89) –0.65∗∗∗ 0.62

HDRS T0 14.00 (4.60) –3.08 (2.36) –4.08 (3.37) < 0.001 0.34 15.24 (3.86) –3.45 (3.25) –4.86 (4.28) < 0.001 0.37
T1 10.89 (3.41) 11.75 (3.49) 0.37
T2 9.87 (2.76) 10.19 (3.14) 0.78

CSDD T0 15.34 (0.80) –3.58 (2.69) –5.45 (4.15) < 0.001 0.53 15.84 (0.42) –3.82 (3.79) –5.84 (4.21) < 0.001 0.50
T1 11.76 (0.48) 12.04 (0.43) 0.24
T2 9.76 (0.39) 9.84 (0.23) 0.39

IDDD T0 51.71 (13.61) –2.08 (14.19) –2.34 (12.92) 0.652 52.31 (13.04) 0.15 (16.05) 0.02 (14.61) 0.134
T1 48.61 (17.89) 52.26 (13.05) –2.23
T2 47.13 (14.67) 52.68 (49.84) –4.36

Values are means (SD); ∗p = 0.001, ∗∗p < 0.001, ∗∗∗p < 0.0001; Adjusted for sex, age, and education; d, Cohen’s d; #Within-group effect size from T0 to T2. MMSE, Mini-Mental State Examination;
RAVLT, Rey Auditory Verbal Learning Test; CFT, Category Fluency Test; LFT, Letter Fluency Test; TMTA, Trail Making Test part A; TMTB, Trail Makin Test part B; SDMT, Symbol Digit
Modalities Test; BNT, Boston Naming Test; NPI, Neuropsychiatric Inventory; NPI-D, Neuropsychiatric Inventory Depression subscale; HDRS, Hamilton Depression Rating Scale; CSDD, Cornell
Scale for Depression in Dementia; IDDD, Interview for Deterioration in Daily Living Activities in Dementia.
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Fig. 1. Significant results from the linear mixed models for cognition and depression performances. T0 = baseline, T1 = follow-up 6 months,
T2 = follow-up 12 months. MMSE, Mini-Mental State Examination; RAVLT, Rey Auditory Verbal Learning Test; CFT, Category Fluency
Test; LFT, Letter Fluency Test; BNT, Boston Naming Test, NPI-D, Neuropsychiatric Inventory Depression subscale.



J.M. Garcı́a-Alberca et al. / Tianeptine in Alzheimer’s Disease 715

Concerning the RAVLT, the mixed model analysis
showed a statistically significant time by treatment
effect (F(1, 124) = 6.390, p < 0.001). The tianep-
tine group scored significantly better than the
other antidepressants group at 6-month follow-up
(mean change score 0.34 ± 0.58 versus –0.07 ± 0.67,
p < 0.001) and at 12-month follow-up (mean change
score 0.68 ± 0.93 versus –0.07 ± 1.01, p < 0.001)
(Fig. 1). The tianeptine group rendered signifi-
cant improvement in the RAVLT at 6 (p = 0.001)
and at 12 months (p = 0.001) versus baseline. The
other antidepressants group did not render significant
baseline-to-endpoint differences in the RAVLT.

With regard to the CFT, the mixed model analysis
showed a statistically significant time by treatment
effect (F(1, 124) = 12.524, p = 0.001). The tianeptine
group performed better at 12 months compared to
the other antidepressants group (mean change score
1.26 ± 0.87 versus 0.39 ± 0.47, p < 0.0001) (Fig. 1).
The tianeptine group yielded significant improve-
ment in the CFT at 12 months versus baseline
(p < 0.0001). The other antidepressants group did not
render significant baseline-to-endpoint differences in
the CFT.

In regard to the LFT, the mixed model analysis
showed a statistically significant time by treatment
effect (F(1, 124) = 18.611, p < 0.0001). The tianep-
tine group showed better performance at 6-month
follow-up (mean change score 0.85 ± 0.73 versus
0.13 ± 0.67, p < 0.001) and at 12-month follow-up
(mean change score 1.40 ± 0.86 versus 0.15 ± 1.65,
p < 0.0001) compared to the other antidepressants
group (Fig. 1). The tianeptine group yielded sig-
nificant improvement in the LFT at 6 (p < 0.0001)
and 12 months (p < 0.0001) versus baseline. The
other antidepressants group did not render significant
baseline-to-endpoint differences in the LFT.

There was a statistically significant time by
treatment effect with regard to the BNT (F(1,
124) = 12.787, p < 0.0001). The tianeptine group per-
formed better than the other antidepressants group at
12-month follow-up (mean change score 1.43 ± 0.94
versus –0.12 ± 2.14, p < 0.001) (Fig. 1). The tianep-
tine group yielded significant improvement in the
BNT at 12 months versus baseline (p < 0.001). The
other antidepressants group did not render significant
baseline-to-endpoint differences in the BNT.

The mixed model analysis did not show a statis-
tically significant time by treatment effect neither
for the TMTA (F(1, 124) = 1.903, p = 0.170), TMTB
(F(1, 124) = 1.094, p = 0.298), or for the SDMT (F(1,
124) = 0.976, p = 0.325).

Table 4
Treatment adverse events reported

Tianeptine Other p
(n = 38) antidepressants Fisher’s

(n = 88) Exact Test

Nausea 5 (13.2) 13 (14.8) 0.11
Headache 5 (13.2) 12 (13.7) 0.33
Dizziness 4 (10.5) 10 (11.4) 0.25
Constipation 4 (10.5) 15 (17.0) 0.12
Diarrhea 1 (2.6) 4 (4.5) 0.18
Insomnia 3 (7.9) 4 (4.5) 0.30
Somnolence 0 12 (13.6) 0.26
Fatigue 0 5 (5.7) 0.73
Vertigo 1 (2.6) 7 (9.1) 0.66
Agitation 2 (5.3) 4 (4.5) 0.17
Dry mouth 1 (2.6) 6 (6.8) 0.71

Data are number (%).

Neuropsychiatric symptoms and functional status
measures

Results of the mixed model analysis at time 1 and
time 2 for both groups are shown in Table 3. Con-
cerning the NPI, the Mixed Model analysis showed a
statistically significant time by treatment effect (F(1,
124) = 3.273, p < 0.001), although post hoc compar-
isons showed no significant differences in change
scores between groups. Both the tianeptine group
and the other antidepressants group yielded signif-
icant improvement in the NPI at 6 (p < 0.001 in both
cases) and at 12 months versus baseline (p < 0.001 in
both cases) (Table 3).

The mixed model analysis did not show a statisti-
cally significant time by treatment effect with regard
to the IDDD (F(1, 124) = 0.819, p = 0.442).

Safety analysis

Tianeptine was well tolerated. The overall inci-
dence of patients reporting adverse events throughout
the study that were considered possibly related to
treatment was 24.3% in the tianeptine group and
26.4% in the other antidepressants group. Table 4
shows the side effects reported in the two groups.
The most commonly reported were nausea (13.16%),
headache (13.16%), constipation (10.53%), and
dizziness (10.53%) for tianeptine group; constipa-
tion (17.04%), nausea (14.77%), headache (13.64%),
somnolence (13.64%), dizziness (11.36%), and ver-
tigo (9.09%) in the other antidepressants group.

Most adverse events in all the three groups were
transient, were of mild-to-moderate intensity, and
resolved spontaneously. No deaths or serious adverse
events occurred during the study. Clinically relevant
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changes over time or differences between treatment
groups were not observed in clinical laboratory test
results, vital signs, weight, or ECG parameters.

DISCUSSION

This retrospective study reported the treatment
effects of tianeptine versus current antidepressants on
depression as well as on cognitive function in patients
with mild to moderate AD. To our knowledge, this is
the first study evaluating the effects of tianeptine on
cognitive function in this patient population.

Both treatment groups, tianeptine and other antide-
pressants, after 12 months showed an antidepressant
effect with a decrease on CSDD, HDRS, and NPI-
D total scores. However, at 12 months of follow-up
a statistically significant improvement was observed
in favor of tianeptine that showed greater reduc-
tion on NPI-D total scores compared to the other
antidepressants group. These results are in agreement
with those shown by previous open studies that have
demonstrated that tianeptine has been effective in the
treatment of depressive disorders in older patients
and has not been shown to be inferior in efficacy to
tricyclic antidepressants or SSRIs [45, 46].

Our results also indicate that after 12 months
tianeptine had a beneficial effect on cognitive per-
formance in a sample of AD patients, as shown
by significant improvement compared to baseline in
MMSE, RAVLT, CFT, LFT, and BNT total scores.
Treatment appears to benefit performance on a variety
of cognitive domains: short memory, verbal episodic
memory, linguistic ability, executive functions, selec-
tive and sustained attention, and verbal knowledge.
Patients in the other antidepressants group did not
show a beneficial effect on cognitive function after 12
months of treatment. These results may have clinical
significance in choosing drugs for depressed patients
with AD.

These findings are consistent with clinical data
suggesting that tianeptine, in addition to the antide-
pressant effect, has a procognitive effect. In an
open-label, multicenter study of patients aged 65–80
years with a diagnosis of major depressive disorder
and dysthymia, a response rate at three months of
76.7% was obtained and an improvement in anxi-
ety and cognition was also observed [47]. In another
open-label study on 20 subjects aged 60–69 years
with mild cognitive impairment, depressive disorder,
and generalized anxiety disorder, in which differ-
ent cognitive aspects (gnosia, praxis, verbal ability,

writing, memory, and visuospatial activity) were
assessed, the treatment with a standard dose of tianep-
tine produced a decrease in symptoms in the three
psychopathological dimensions studied (depressive,
anxious, and cognitive) [48]. In a 3-month open mul-
ticenter study of 63 patients treated with tianeptine,
a response rate of 76.7% was obtained in depressive
symptoms. Improvements in anxiety and cognitive
performance were also observed [49].

The procognitve effect of tianeptine could be
explained by its neurobiological properties that
involve the ability to restore normal neuroplastic-
ity in circumscribed brain regions and to reverse
impairments in synaptic glutamate transmission. The
involvement of glutamate in the mechanism of action
of the antidepressant tianeptine is consistent with
a well-developed preclinical literature demonstrat-
ing the key role of glutamate in the mechanism of
altered neuroplasticity that underlies the symptoms
of depression and AD [23, 25]. The effects of tianep-
tine on the glutamatergic system could provide a
key action in the cascade of events triggered by this
unique compound and may represent the most proxi-
mal target in the pathway leading to its antidepressant
efficacy [25, 50]. In addition to the above, the positive
effect of tianeptine on cognition is relevant consid-
ering that the effect of antidepressants on cognitive
functioning in depressed elderly patients is under
debate, and that some antidepressants may have a
negative effect on cognition due to their anticholin-
ergic action.

Statistical significance on cognitive testing has
been shown in the data presented in this study, but a
key related issue is whether these statistically signif-
icant effects correspond to clinically significant dif-
ferences in cognitive domains assessed. In this sense,
the magnitude of the observed effect on cognitive dys-
function could be contextualized using standardized
effect sizes. In line with this, the clinical relevance
of the significant effect of tianeptine on neuropsy-
chological test scores could be supported by the
magnitude of the effect sizes with a median Cohen’s
d of 0.49. However, the magnitude of the observed
effect on cognitive dysfunction should be contextu-
alized in studies in patients with AD and the present
exploratory findings should be interpreted with cau-
tion and considered indicative due to the retrospective
nature of the study. In addition, patients taking tianep-
tine showed statistically significant differences at 12
months for most cognitive performances compared to
those receiving other antidepressants with a median
Cohen’s d effect size of 0.63.
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In line with the results shown by other studies [26,
45], the safety data collected in this study provide
further support to the known good tolerability pro-
file of tianeptine given for 12 months in a special
AD patient population. No serious adverse events
occurred during the study and the incidence of side
effects reported was low (15.35%) the most common
being nausea, somnolence, and headache. These were
mild and transient and did not lead to stopping the
treatment. These results were consistent with find-
ings of previous studies. There were no changes in
blood or urinary laboratory values, and no clinically
meaningful changes in the physical and neurologi-
cal examinations. This low frequency of side effects
such as sedative, anticholinergic, and cardiovascular
adverse events and short half-life time makes tianep-
tine particularly suitable for use in the elderly patients
suffering from AD.

Despite the lack of solid scientific evidence, antide-
pressants are often used for depression in AD [51].
The Depression in Alzheimer’s Disease-2 trial stud-
ied 131 patients to assess the efficacy and tolerability
of sertraline for depression in mild-moderate AD.
Sertraline did not demonstrate efficacy for the treat-
ment depression symptoms in patients with AD at
12 weeks of follow-up. In addition, its use was
associated with an increased incidence of adverse
events [52]. The study included an additional 12-
week extension phase (total duration of 24 weeks) of
randomized treatment for at least partial responders
during the acute phase and, for ethical reasons, the
option for open-label treatment for non-responders.
The results showed that sertraline treatment is not
associated with delayed improvement between 12
and 24 weeks [53]. In the same way the Health
Technology Assessment Study of the Use of Antide-
pressants for Depression in Dementia trial was a large
randomized controlled trial of the efficacy of sertra-
line and mirtazapine versus placebo in people with
probable or possible AD and depression. In all three
groups, an improvement in total CSDD scores was
seen from week 0 to week 13, which persisted to
week 39. However, sertraline and mirtazapine did not
outperform placebo [54].

Some guidelines such as the Lancet International
Commission on Dementia Prevention and Care rec-
ommend not starting antidepressants in people with
dementia unless there is a history of depressive
episodes prior to dementia or the patient has not
responded to social or psychological treatment and
is moderately or severely depressed [16]. A possi-
ble explanation for this lack of positive results could

be related to the fact that depression in AD patients
differs from depression in those without dementia in
biological, psychological, and social terms [54, 55].
In this sense, depression in dementia could be sit-
uationally determined as a reaction to the impacts
of dementia, be related to neurodegeneration, or be
a major depressive disorder in dementia [16, 56].
Results of some studies suggest that the pathophys-
iology of depression in AD may be different to that
of primary depression, as indicated by the lack of
evidence of pathological changes in the monoamin-
ergic nuclei in people with AD [57, 58], and may
therefore explain the lack of effectiveness of con-
ventional antidepressant treatments. An alternative
hypothesis to underlying deficits in monoaminergic
neurotransmitters includes deficits in glutamatergic
transmission, which has led to a call for further
research in identifying biomarkers and treatments for
depression in AD that extend beyond the monoamin-
ergic hypothesis [59]. In view of the above, our
findings would support the positive effect of tianep-
tine for the management of depressive symptoms in
AD, even improving other outcomes such as cogni-
tion.

In our study, all patients participated in a psy-
chostimulation program as part of the activities they
routinely perform at the memory clinic. There is evi-
dence that symptoms of depression in patients with
dementia can be improved by psychological inter-
ventions added to usual care [60, 61]. Therefore, this
should be taken into account when interpreting the
results of the present study.

One of the strengths of this study was the long dura-
tion of the follow-up which suggests that the clinical
benefit of tianeptine may be greater after long-term
use. In addition, the patients in the study underwent a
comprehensive neuropsychological, behavioral, and
functional evaluation with widely used outcome
measures focused on reducing observation bias. In
addition, our semi-annual evaluation, allowed close
monitoring of clinical changes.

There are some limitations to the study that should
be considered when interpreting the results. First, this
was an observational and retrospective study, and the
participating subjects were not randomly assigned
to treatment groups. Therefore, the results obtained
could be affected by this circumstance and do not
allow us to conclude on causality. Second, this is a
study of a single center and, consequently, the num-
ber of subjects enrolled was limited and the sample
size was small, especially for tianeptine. Therefore,
the results should be considered indicative. On the
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other hand, we analyzed the other antidepressants as
a whole, without specifying any of them in particu-
lar, which would have allowed us to better quantify
the extent of the improvements observed with the
treatments under study. It is therefore possible that
clinical differences may exist if the different antide-
pressants were studied individually. In addition, the
cut-off point above 5 of the 15-item GDS scale has
not been validated in Spain, so there is a risk that
some patients with a clinical diagnosis of depres-
sion could have been excluded. Another limitation
was that all subjects were Caucasian and therefore
the safety and efficacy of treatments among a small
subgroup of people cannot be assumed to generalize
to other groups [62]. Finally, the tests selected for
the study of the domains investigated are those com-
monly used at IANEC. Therefore, we acknowledge
that they are not the only instruments available for
the assessment of these domains.

Conclusions

Tianeptine showed benefits on cognition and
depressive symptoms in patients suffering from AD.
These positive effects probably provide additional
benefits by targeting different pathophysiological
mechanisms compared to other antidepressants. In
this study tianeptine presented very promising results
in AD patients with mood disorders and provides
evidence that many patients will benefit from antide-
pressants that include, though not exclusively, a
glutamate-based mode of action. This study should
inspire the design of future long-term randomized
controlled trials that contribute to supporting the use
of tianeptine for improving cognitive function in AD
patients. In addition, this study could aid clinicians in
the treatment of AD, benefit the patients concerned
and provide reliable references for broad application.
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