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Abstract

Epidemiologic Background

Late‑life depression has been frequently associated with 
Alzheimer’s disease (AD), both as a risk factor and as a clinical 
symptom that develops before dementia or in its clinical 
course. Many symptoms are common in major depression 
and in AD‑related depression, which gives rise to some 
difficulties in the differential diagnosis. In addition, depression 
has a meaningful impact on the quality of life of patients and 
caregivers. It is recommended to include depression in the 
systematic approach for patients with AD. The majority of 
behavioral scales include relevant items to be detected and 
scored, and some treatment may be offered when needed.

The issue of late‑onset depression as a risk factor for 
developing AD has been the focus of large community‑based 
studies. However, this relationship has been controversial. 
Some studies found that depression increases the risk of either 
dementia,[1‑4] or cognitive decline.[5] Late‑onset depression 
has been especially associated with cognitive impairment 
and AD.[6‑8] However, other cohort studies reported no 
association.[9‑13] A meta‑analysis of 28 community‑based cohort 
studies found that late‑life depression is associated with an 
increased risk for AD; pooled OR: 2.46 (1.81–3.35).[14]

From a comprehensive overview, it was hypothesized 
that depression is an early manifestation rather than a risk 
factor for dementia and that there is a continuum between 
late‑life depression, mild cognitive impairment (MCI), and 
dementia.[15]

MCI is defined as a transitional state between normal aging 
and dementia.[16] Although this condition is regarded as a 
precursor of AD, it does not apply equally to all forms of 
MCI, but only to MCI patients with the amnestic form. In MCI 
patients, depression tends to increase the risk of progression to 
AD.[17‑19] However, other studies found stronger predictors such 
as anxiety[20,21] and apathy[22,23] but not depression as predictors 
of progression to dementia in MCI.

The prevalence of major depression in AD ranges from 4.8% 
to 50%,[24‑30] depending on the diagnostic instrument used. The 
incidence of depression varies among studies. It was 1.8% and 
6.4% at 6‑ and 12‑months follow‑up, respectively, in one study, 
with decreasing rates 1 year after admission.[31] In another study, 
the incidence was below 2% per year over 3 years.[20] However, 
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rates as high as 85% were seen in a cohort of 181 patients 
with AD, with a high incidence of agitation and psychosis.[32] 
Major depression also had a negative impact on daily living 
activities and was associated with behavioral disturbances 
such as aggression and wandering.[31] The degree of cognitive 
impairment was higher in AD patients with depression than 
in non‑depressed AD patients.[26] The progression of cognitive 
deterioration was not dependent on the presence/absence of 
depression over a period of 12 or 17 months.[33,34]

Methods

Apart from epidemiologic considerations, the purpose of this 
review is to provide the audience with the latest evidence in the 
field of the interface between depression and AD, especially 
with regard to the neurobiological basis and treatment. The 
sources used are the Medline database and the Cochrane 
Library. With the words “depression in Alzheimer’s disease,” 
we could find over 10,000 articles.

We selected mostly original articles dealing with new 
developments in the field of depression in AD, especially 
focused on prevalence, clinical criteria, neurobiological basis, 
and treatment. We searched original papers that reported the role 
of monoamines, amyloid burden, and neuroinflammation. We 
focused our attention on neuropathology‑based articles. Finally, 
we included 130 papers that were judged to be more informative 
and that provided knowledge for a better understanding 
of the interface between AD and depression. The effect of 
antidepressants on depression and cognition was assessed 
in a quantitative manner by meta‑analysis from randomized 
placebo‑controlled trials and in a qualitative manner when it 
comes to non‑randomized trials and cohort studies.

Neurobiological basis of depression in Alzheimer’s 
disease
The clinical association of depression with AD may suggest 
that there is a common pathophysiological basis for both 
conditions.[28] Both cognitive impairment and neuropsychiatric 
symptoms such as agitation, psychosis, depression, apathy, 
disinhibition, anxiety, eating disorders, sleep disorders, 
and purposeless behavior have been linked with the loss of 
cholinergic transmission in the brain. This fact is also endorsed 
by the improvement of these symptoms, to some degree, with 
cholinesterase inhibitors.[35] Given the modest response to these 
agents, the dysfunction of other neurotransmission systems 
must be involved. New developments in this field have given 
rise to new hypotheses. As in depression in non‑demented 
patients, the impairment of monoaminergic and serotoninergic 
systems has been claimed to be causative of AD‑associated 
depression. However, we found conflicting reports. On the 
one hand, some studies found significant impairment in the 
serotoninergic system.[36‑38] A neuropathological exam in 
25  patients with AD and 12 age‑matched controls showed 
loss of neurons in the locus ceruleus and the dorsal raphe 
nucleus; the brains of the AD patients with depression showed 
a decreased density of neurons at themid‑level of the locus 

ceruleus and the rostral level of the raphe nucleus when 
compared with the non‑depressed patients.[39] On the other 
hand, another neuropathological study that included 14 patients 
with major depression, 8 with AD and depression, 7 with AD 
but not depression, and 10 elderly subjects without depression 
or dementia found no differences in the neuronal loss in these 
nuclei between demented patients with and without depression. 
However, the differences were significant when compared 
between demented and non‑demented subjects, with demented 
patients having fewer serotoninergic neurons than controls.[40]

Interestingly, noradrenergic and serotoninergic transmitters 
have been investigated in demented patients with major 
depression, and it was found that there was a meaningful 
reduction of norepinephrine in the cortex as deep as 10–20 fold 
in comparison with the non‑depressed ones and a reduction 
of serotonin levels as well in all studied areas of the brain.[41] 
A PET analysis revealed a significant decrease in cortical 
serotonin receptors 5‑HT2 in almost all of the areas of the 
brain of nine AD patients in comparison to 37 age‑matched 
controls.[42] Reduced levels of serotonin have been reported 
in the following cortical areas: superior frontal gyri, anterior 
and inferior temporal lobes, and fusiform gyri in the brains of 
17 AD patients in comparison with 18 controls.[43] All of these 
abnormalities found in relation to neurotransmitters have led 
to the use of tricyclics or serotonin reuptake inhibitors (SRI s) 
in AD‑associated depression.

The hallmarks of AD are neuritic cortical plaques and 
neurofibrillary tangles. Therefore, the relationship between 
amyloid/tangle burden and depression has been worthy of 
investigation. However, the reports have given contradictory 
findings. Two studies found that AD patients with either 
comorbid depression or a history of major depression have 
a greater amyloid and neurofibrillary tangle burden in their 
brains than AD patients without depression.[44,45] However, 
this relationship was not confirmed after examining four 
cortical areas of the brains of 130 older religious people. 
Depression and AD were related, but this association 
was independent of the density of plaques and tangles.[46] 
Moreover, depression was not associated with neuritic plaque 
score or Braak stages in an autopsy study conducted in 120 
controls, 77 MCI patients, and 93 AD patients.[47] In another 
postmortem study of 83 individuals, the association between 
depression and AD was independent of AD pathology, as 
patients with AD pathology but not clinical AD were less 
likely to have depression than cognitively normal controls 
and individuals with clinical and pathological diagnoses of 
AD.[48] For non‑demented patients, this relationship is also 
controversial. By means of PET with beta‑amyloid ligand, 
greater β‑amyloid deposition was observed in the left parietal 
cortex in patients with late‑life depression compared with 
controls,[49] but this association was not confirmed in a larger 
study based on the ADNI cohort, from which it was found 
the opposite.[50] No association was found between major 
depressive disorder and the density of brain neuritic plaques 
in a community sample‑based autopsy study.[51] Therefore, 
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the link between depression and the pathological hallmarks 
of AD is unclear.

Although the ApoE4 allele’s presence is clearly linked 
with the risk of AD, the relationship with depression has 
not been completely elucidated. Two studies reported a 
positive association between the ApoE4 allele and late‑onset 
depression.[52,53] However, other studies found no association 
between the ApoE‑4 allele and depression in AD.[54‑56]

Additional hypotheses are at the forefront and deserve 
more attention. Neuroinflammation is in the spotlight of the 
underlying pathology in AD, as there is evidence of activation 
of inflammatory pathways in the brain of people with dementia, 
and that correlates with neuropsychiatric symptoms in AD.[57‑59] 
An interesting hypothesis has been raised by a cascade of 
events: chronic stress (1) cytokine production (2)inflammation 
(3) increased vascular permeability (4) microglial activation 
(5) white matter damage (6) neuronal loss.[60] A new possible 
mechanism might be based on the modulation of microglia 
activation by different pathways such as Kappa‑B Nuclear 
factor and the NLRP3 inflammasome.[61] However, further 
research is needed in this field before implementing appropriate 
therapies. The glutamatergic pathway also deserves attention, 
as it is involved in both depression and AD.[62] In fact, the 
glutamate levels measured by MR spectroscopy are lower in 
AD patients than in controls.[63] Another hypothesis points to 
the role of hypothalamic‑pituitary‑adrenal axis dysregulation 
in the development of both AD and major depression. This may 
result in an excess of brain glucocorticoids, with glucocorticoid 
receptors being a possible target for therapy.[64]

Interesting hypotheses have arisen with regard to neurotrophic 
factors. Variations in the gene regulating the synthesis of 
transforming growth factor (TGF), which is neuroprotective 
against β‑amyloid toxicity, have been associated with 
AD‑related depression.[65] In addition, fluoxetine and 
vortioxetine may increase TGF levels in the hippocampus of 
Aβ‑injected mice, leading to improvements in memory and 
mobility.[66] Brain‑derived neurotrophic factor may also be 
involved in the pathogenesis of late‑life depression, as reduced 
levels have been found in the CSF of patients with depression 
and MCI compared with healthy controls. However, no 
differences were found in the CSF AD‑related biomarkers.[67]

Key points
There is not enough evidence pointing to monoamine or serotonin 
reduction as the cause of depression in AD. Although the reports 
are conflicting, the amyloid burden does not seem to be associated 
with depression in AD. The hypothesis of neurodegeneration, 
inflammation, and glutamatergic pathway dysfunction is 
emerging as an alternative to the classic hypothesis.

Diagnosis pitfalls of depression in AD
Clinicians face difficulties not only in distinguishing dementia 
from major depression but also in diagnosing depression in AD. 
In AD patients, the clinical interview poses several challenges 
derived from other co‑existing behavioral symptoms, for 

example, apathy, loss of insight, and decreased language 
fluency. In addition, some symptoms may appear in both AD 
and major depression. Detecting and diagnosing depression 
in AD may pose a challenge in the clinical setting for several 
reasons. The demented patients have a limited awareness of 
their symptoms and language disturbances and, therefore, have 
difficulties expressing their feelings. In addition, there may be 
problems with overlapping symptoms that may appear in major 
depression, dementia, and MCI. Moreover, it may be difficult 
to differentiate apathy from depression.

In clinical settings, the criteria used to diagnose AD have 
improved a lot by incorporating biomarkers evidence (those of 
the NIA‑AA work group).[68] The DSM‑IV criteria are useful 
too if biomarkers are not available.[69] Detecting depression 
is mostly based on the clinical interview with the patient and 
caregivers. The clinical scales containing depression‑specific 
items are widely used, such as Behavioral Pathology in AD 
Rating Scale,[70] Behavioral Rating Scales for the CERAD,[71] and 
the Neuropsychiatric Inventory.[72] However, given the special 
characteristics of depression in AD, these scales are appropriate 
to quantify the symptoms but not sensitive enough for detection. 
There are other scales, such as the Montgomery‑Asberg 
Depression Rating Scale,[73] the Hamilton Depression Rating 
Scale,[74] and the Cornell Scale for Depression in Dementia, 
that are more suitable to detect, rate, and quantify response 
to treatment.[75] The Cornell Scale seems to be excellent for 
several reasons:  (a) it elicits information from patients and 
caregivers;  (b) it makes it easier to distinguish symptoms of 
dementia from those derived from depression; and (c) it has 
high inter‑rater reliability and responsiveness to treatment.[75]

The differential diagnosis between AD‑related depression and 
depressive pseudo‑dementia remains sometimes challenging. 
Apart from the specific criteria, there are some clinical features 
underpinning AD‑related depression.[76] The classic symptoms 
of depression, such as a sad mood and feelings of guilt or 
worthlessness, are less prominent in AD‑related depression. 
Depression is perceived better by caregivers than by the patient 
himself. Some disturbances of mood tend to be short‑lived 
and recurrent. Sleep disturbances, loss of appetite and 
weight, and apathy are also more prominent in depressed AD 
patients. Suicidal ideation is uncommon in AD. Furthermore, 
behavioral symptoms such as agitation, apathy, delusions, and 
hallucinations are frequent in AD, whereas they occur rarely 
in depression without dementia.[29]

Apathy is a common symptom in AD, but it may also appear 
in major depression. According to the DSM‑V criteria, apathy 
is defined by decreased motivation, reduced goal‑directed 
behavior, and decreased emotional responsiveness. 
Distinguishing pure apathy from AD‑related depression poses 
no major challenge, as pure apathy does not present the clinical 
criteria required for AD‑related depression.

Therefore, the final diagnosis of depression should be based 
on an extensive clinical interview with patients and caregivers 
and on fulfilling ad hoc appropriate criteria.
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The DSM‑IV and V criteria for major depression are also useful 
instruments, but some shortcomings have been argued. These 
criteria were created to diagnose depression in non‑demented 
patients. Given the particular clinical features of depression in 
AD, requiring the presence of at least five depressive symptoms 
in these patients might result in an infradiagnosis of depression. 
In this regard, a group of experts elaborated specific criteria 
for depression in AD,[77] which derived from the DSM‑IV‑TR 
criteria. The adapted criteria may be summarized as follows: 
the required number of symptoms is three or more, and the 
presence of symptoms nearly every day is not necessary. 
The presence of irritability and social isolation is required. 
The loss of interest or pleasure was changed for decreased 
positive affect or pleasure in response to social contact 
and usual activities. These criteria were endorsed by the 
NIMH (National Institute of Mental Health) and validated in a 
cohort of 101 AD patients.[78] The authors detected depression 
more frequently (44% of cases) with this tool than with other 
instruments such as the DSM‑IV criteria (36%), the Cornell 
Scale (30%), and the Geriatric Depression Scale (33%). The 
use of self‑reported scales alone is not encouraged as it may 
overlook symptoms of depression and should be reserved for 
screening purposes only or when the information provided 
by caregivers is incomplete or unreliable. For example, the 
Geriatric Depression Scale is widely used, but it has the caveat 
of omitting several items such as guilt, sexuality, and suicide 
ideation.[79]

Key points
Specific criteria for AD‑related depression are available in 
order to distinguish it from major depression and depressive 
pseudo‑dementia. The Cornell scale for depression is especially 
useful to evaluate responses to treatment.

Treatment of depression in Alzheimer’s disease. Evidence 
from clinical trials
The response to antidepressants has been analyzed 
separately for AD patients with depression and depression in 
non‑demented patients. A previous extensive meta‑analysis, 
based on the data of 245 elderly patients treated with 
tricyclic antidepressants  (TCA; 223 with placebo), 365 
treated with Selective Sertonin Reuptake Inhibitors (SSRIs) 
(372 with placebo), and 58 treated MAOIs monoamine 
oxidase inhibitors (63 with placebo), showed that all three 
groups of antidepressants were effective for depression in 
the elderly in comparison to placebo, recommending at least 
6 weeks of duration to see the effect.[80] In demented patients, 
the conclusions are different. To begin with, the number of 
randomized placebo‑controlled trials with antidepressants 
in patients with cognitive impairment and the sample size 
are small. According to a meta‑analysis of 107 demented 
subjects from four different trials, there was unclear evidence 
of the efficacy of antidepressants for depression, let alone the 
significant heterogeneity seen in these trials.[81]

We searched for available information published from 
randomized placebo‑controlled clinical trials on patients with 

AD‑related depression. Among the 825 abstracts reviewed in 
MEDLINE and searched with the key words “Clinical trials for 
depression in AD”. To date, we have encountered only 10 small 
randomized double‑blind placebo‑controlled trials, including a 
total of 638 (completers) patients with AD and depression, that 
have been published specifically designed to detect differences 
in effect between placebo and the antidepressant  (class  I 
evidence).[82‑91] Sertraline was tested in five trials[82‑86]; in the 
rest of the trials, the following antidepressants were used: 
fluoxetine,[87] clomipramine,[88] mirtazapine,[86] imipramine,[89] 
escitalopram, and[90] vortioxetine.[91] In Table 1, the main data 
of the trials are reported, including the number of patients who 
completed at least 6 weeks of treatment and their respective 
numbers and proportions of responders and non‑responders 
in the treated group and the placebo group. In two trials, only 
the mean differences in the Cornell Scale were reported.[90,91] 
In the trial with vortioxetine, the standard deviations of the 
Cornell Scale scores were not provided, nor was the number 
of patients with improvement.[91] We considered a positive 
response when the improvement was at least 50% on clinical 
scales. The pooled data from the selected clinical trials were 
included in the meta‑analysis. We did not include data from 
unpublished trials. The meta‑analysis was made with the method 
of Mantel‑Hansel. We used the MedCalc Statistical Software 
version 19.1.5 (MedCalc Software Bv, Ostend, Belgium; https://
www.medcalc.org;2020).

Initially, we included nine trials for meta‑analysis. The difference 
in the number of respondents was not significant (OR: 1, 32; 
95% CI: 0.76–2, 13). To avoid heterogeneity, we excluded 
three very small trials from the analysis.[83,88,89] According to 
the final meta‑analysis from six trials,[82,84‑87] we conclude that 
antidepressants are not better than placebo (weighted OR: 1.29, 
95% CI: 0.77–2.15 (see Figure 1, random effects model). The 
inclusion of these very small trials did not change the results. 
The evaluation of response to treatment was similar in all of 
the trials. There was no heterogeneity according to a Q‑value 
of 10 (P = 0.07) and an I2 index = 50%. Publication bias was 
excluded by Edger’s test (P = 0.07).

Figure 1: A forest plot representing the odds of response to antidepressants 
in randomized controlled clinical trials and the overall value with 95% CIs
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We performed another meta‑analysis with the trials, giving 
the changes in the Cornell Scale at 12 weeks. The differences 
were not significant according to a meta‑analysis from seven 
trials[82,84‑87,89,90]  [see Figure  2]; weighted OR: 0.12; 95% 
CI: ‑0.42–0, 07; P = 0,18. The Q value was 10.5; P = 0.10. The 
I index was 42.7%. There was no publication bias according to 
Edger and Begg’s tests (P = 0.25 and 0.88 respectively). In the 
trial not included in the meta‑analysis,[91] the differences in the 

Cornell Scale were also not significant between vortioxetine 
and placebo.

However, there are some drawbacks to bear in mind to better 
interpret the results. The rate of responders was lower in the 
two largest trials, trials 1 and 2,[85,86] than in the remainder of 
the trials. In addition, the rate of responders in the placebo 
group was high in all of the trials. In one trial,[89] all patients 
on either imipramine or placebo improved. In the two largest 
trials that used sertraline,[85,86] this drug was not superior to 
placebo according to the differences found in the Cornell scale 
scores and the mADCS‑CGIC for improvement, and its use was 
associated with more side effects. The differences remained 
non‑significant at 24 and 54 weeks, respectively. In one trial, 
the placebo group improved even more than the groups on 
either sertraline or mirtazapine.[86]

Therefore, our meta‑analysis does not provide evidence of the 
efficacy of antidepressants in AD‑related depression. However, 
we cannot exclude the possible benefit of antidepressants in 
determined patients. For conclusive evidence, we need larger 
and more inclusive randomized placebo‑controlled trials.

There are more clinical trials with different designs 
and evidence levels. A  large placebo‑controlled trial 
conducted in 694  patients with some degree of cognitive 
decline (511 with dementia) and depression concluded that 

Table 1: Data from 10 randomized double‑blind placebo‑controlled trials with antidepressants in AD‑related depression. 
OR means odds ratio. HDRS means the Hamilton Depression Rating Scale. YES means 50% improvement or more on 
clinical scales. NO means no improvement

Author Drug, dose, and 
duration

Drug treated Patients 
Improvement 

Yes vs. No

Placebo treated patients 
Improvement 

Yes vs No

Response 
evaluation as the 
primary end point

Odds 
Ratio

95% CI

Lyketsos et al., 
2003[82]

Sertraline, 95 mg/day
12 weeks

 20 vs. 4
(n=24)

7 vs. 13
(n=20)

Cornell Scale
HDRS

9.28 2.26–38.1

Lyketsos et al., 
2000[83]

Sertraline 100 mg/day
12 weeks

9 vs. 3
(n=12)

2 vs. 8
(n=10)

Cornell Scale
HDRS

12 1.17–170

Magai et al., 
2000[84]

Sertraline, 100 mg/day
8 weeks

8 vs. 7
(n=15)

6 vs. 6
(n=12) Cornell Scale

1.14 0.25–5.22

Rosenberg et al., 
2010[85]

Sertraline
100 mg, 12 weeks

27 vs. 40
(n=67)

24 vs. 40
(n=64) mADCS‑CGIC

Cornell Scale
1.12 0.55–2.27

Petracca et al., 
2001[87]

Fluoxetine,
40 mg, 6 weeks

7 vs. 8
(n=15)

8 vs. 12
(n=20) HDRS

1.31 0.35–5.07

Petracca et al., 
1996[88]

Clomipramine 100 mg,
6 weeks

9 vs. 2
(n=11)

 8 vs. 12
(n=20) HDRS

6.75 1.14–39.7

Banerjee et al., 
2011[86]

Sertraline 150 mg or
mirtazapine 45 mg, 
12 weeks 

38 vs. 47
n=85

42 vs. 43
n=85

47 vs. 48
n=95

Cornell Scale 0.97
0.99

0.53–1.76
0.55–1.79

Reifler et al., 
1989[89]

Imipramine
83 mg, 8 weeks

13 vs. 0
(n=13)

15 vs. 0
(n=15) HDRS Undefined Undefined

An et al., 2017[90] Escitalopram for 
12 weeks

n=27 N=33 Cornel Scale mean 
difference

1.81 NS

Jeong et al., 2022[91] Vortioxetine for 
12 weeks

n=22 n=24 Cornell Scale mean 
difference

1.62 NS

Meta‑analysis from trials 82‑89 Weighted Overall OR 1.32 0.76–2.13
For analysis purposes, one trial with three arms: sertraline, mirtazapine, and placebo[86] was factored out as two trials with the same placebo arm

Figure 2: A forest plot pooled standardized mean differences in the Cornell 
Scale in placebo‑controlled trials. The I2 index was 0.00%
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meclobemide (MAOI) was an effective antidepressant, with 
significant improvement  (more than 50 reductions in the 
Hamilton Scale in 56% of patients) in comparison with 37% 
of patients in the placebo group.[92] Some other small trials 
with antidepressants have been published. A  Scandinavian 
trial was conducted to assess response to citalopram in 149 
elderly patients with depression, but only 94 completed the 
6‑week trial and were included in the analysis. A small number 
of 29 patients with major depression also had dementia: 15 
were treated with citalopram and 8 with placebo. Significant 
improvement in cognitive and emotional function was seen in 
the citalopram group in comparison to the placebo group on 
three clinical scales.[93] Another small clinical trial compared 
donepezil  (5  mg/day) alone with donepezil plus 20  mg/
day of citalopram in 50 AD patients, with improvement in 
depression and a positive impact on the quality of life of 
patients and caregivers.[94] Other small, non‑placebo‑controlled 
trials yielded a positive effect on depression with several 
antidepressants: sertraline,[95] trazodone,[96] L‑deprenyl,[97] and 
escitalopram.[98]

Given their anticholinergic side‑effects and cardiotoxicity, TCA 
are prescribed less than SSRIs in the elderly. Nevertheless, 
three double‑blind clinical trials compared SSRI and TCA and 
concluded that both drug types were similar in terms of clinical 
response, with better tolerance of the SSRI drugs: fluoxetine vs. 
amitryptiline,[99] paroxetine vs. imipramine,[100] and paroxetine 
vs. nortryptiline.[101] The trial of paroxetine vs. imipramine 
included 198 depressed and demented patients for 8 weeks, 
and all of them improved equally on the Montgomery‑Asberg 

depression scale, the Clinical Global Impression scale, and 
the Cornell scale. The frequency of anticholinergic effects 
was twice as high in the group treated with imipramine as 
that observed in the paroxetine group  (13.1% vs. 6.1%). 
In the study of paroxetine vs. nortryptiline, including 116 
non‑demented depressed patients, the rate of response in the 
intent‑to‑treat analysis was similar: 57% in the nortryptiline 
group in comparison to 55% in the paroxetine group. The 
proportion of side effects was twice as high in the group of 
patients treated with nortryptiline as that observed in the 
paroxetine group (33% vs. 16%).

In a larger trial, mianserin was compared with citalopram in 
336 elderly depressed patients with and without dementia, 
with similar rates of response; however, the changes in 
the Montgomery‑Asberg scale were smaller in demented 
patients.[102]

Key point
The newest and older antidepressants are not superior to 
placebo in AD‑related depression, according to the evidence 
found in randomized placebo‑controlled trials.

Impact of antidepressants on cognitive function
There is a fear that antidepressants have negative effects 
on cognition in demented patients. This issue has also been 
addressed in most clinical trials, which report results and make 
comments with regard to the possible negative or positive 
influence of antidepressants on cognitive function. Some of 
them were designed to detect changes in cognitive function. 
Table  2 summarizes all of the 19 trials that mention this 

Table 2: Data from studies with antidepressants in AD‑related depression that reported the effects on cognition

Author Number of patients Drugs and duration Effect on cognition
Munro et al., 2004[104] 41 Sertraline, 12 weeks Women improved; men worsened
Lyketsos et al., 2003[82] 44 Sertraline, 12 weeks vs. placebo No significant changes
Lyketsos et al., 2000[83] 22 Sertraline, 12 weeks vs. placebo No significant changes
Petracca et al., 2001[87] 41 Fluoxetine, 6 weeks vs. placebo No significant changes
Petracca et al., 1996[88] 21 Clomipramine, 6 weeks vs. placebo Lower MMSE scores, but no 

changes on FIM
Roth et al., 1996[92] 511 Meclobemide, 6 weeks Significant improvement
Nyth et al., 1992[93] 149 Citalopram, 6 weeks Improvement
Reifler et al., 1989[89]

Teri et al., 1991[105]

61 Imipramine, 8 weeks vs. placebo Subtle decrement in DRS and 
ADLS. 
Improvement on MMSE

Magai et al., 2000[84] 31 female Sertraline, 8 weeks vs. Placebo No significant changes
Caballero et al., 2006[106] 58 on cholinesterase inhibitors SSRI (sertraline and citalopram) for 9 months Similar cognitive decline
Rozzini et al., 2010[107] 150 on cholinesterase inhibitors SSRIs For 9 months Small protective effect
Rosenberg et al., 2010[85] 131 Sertraline 100 mg or placebo for 12/24 weeks No significant changes
Banerjee et al., 2013[86] 138 Sertraline or mirtazapine vs. placebo for 13/39 weeks No significant changes
Cumbo et al., 2019[103] 108 Vortioxetine vs. other antidepressants for 12 months Improvement 
Mokhber et al., 2014[108] 59 Sertraline vs. desipramine and venlafaxine for 

12 weeks
Sertraline is better for depression

Choe et al., 2015[109] 54 Escitalopram vs. placebo for 54 weeks No significant changes
An et al., 2017[90] 60 Escitalopram vs. placebo for 12 weeks No significant changes
Jeong et al., 2022[91] 46 Vortioxetine vs. placebo for 12 weeks No significant changes
MMSE means Mini‑Mental state examination, and FIM means functional independence measure. ADLS means activities of daily living scale. DRS: 
dementia rating scale
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influence. Most of them did not yield significant changes in 
cognitive function. A meta‑analysis of 7 placebo‑controlled 
randomized trials is given in Figure  3. The pooled mean 
difference on the MMSE was 0.05 points; 95% CI:  ‑0.08–
0.21. There was neither heterogeneity nor publication bias 
according to the Q value and Edger’s test (P = 0.9 and 0.91, 
respectively).[82,85‑87,89,90,103] Some trials deserve comments. In 
one trial including 41 patients treated with sertraline as an 
antidepressant, the authors found no changes in cognitive 
function, but a post‑hoc analysis suggested a sex‑specific 
difference in the response to sertraline versus placebo for 
women but not in men.[104] Another trial assessed in detail the 
effect of imipramine on cognition in depressed AD patients 
included in a previous study.[105] In general, the effect was 
not meaningful, as there was a 1.9‑point improvement in 
imipramine‑treated patients in comparison with 1.3 points 
in the placebo group, but no changes in memory were seen. 
However, on the dementia rating scale, the patients on 
imipramine declined, especially in conceptualization, although 
the differences were not statistically significant.

In the largest randomized trial using either sertraline or 
mirtazapine vs. placebo, there were no significant changes 
on the MMSE scores.[86] Although there was a small trend to 
worsen cognitive function with antidepressants, the impact on 
cognition was not significant.

It is worth mentioning the largest clinical trial, which included 
694  patients with cognitive decline, of whom 511 were 
demented.[92] It was a randomized placebo‑controlled trial with 
Meclobemide compared with placebo. Apart from a >50% 
reduction in the Hamilton scale score, meclobemide also 
improved cognition significantly. This finding might suggest 
a neuroprotective effect, but the trial was limited to 42 days, 
which is not sufficient to draw this conclusion.

A retrospective study of 99 AD patients with depression 
showed that those treated with SSRIs  (58  patients, mainly 
on sertraline or citalopram) did not decline cognitively 
faster than those without antidepressants.[106] However, a 

multi‑center trial designed for this purpose showed that 
the depressed AD patients treated with an SSRI drug for 
9 months remained stable in mini‑mental in comparison with 
the untreated ones, who declined 0.8 points on average.[107] 
Vortioxetine has been associated with a procognitive effect 
compared with other antidepressants,[103] but this effect was 
not seen in a placebo‑controlled clinical trial.[91] Escitalopram 
was specifically tested to assess its possible neuroprotective 
effect on AD progression, with negative results.[109] Sertraline 
was superior to both venlafaxine and desipramine in terms of 
depression, cognition, and behavioral symptoms.[108] Tianeptine 
was reported to improve depression and cognition in a 
retrospective study, even more than other antidepressants.[110] 
In a longitudinal cohort composed of 225 patients with MCI 
and 31 with AD, depressed patients treated with SSRI 
drugs (n = 24) compared with those depressed but not treated 
with SSRI (n = 49) showed less cognitive deterioration and 
reduced gray‑matter atrophy.[111]

Although antidepressants have not been associated with 
increased mortality or faster cognitive decline in AD 
patients,[112] their use increases the risk of osseous fractures.[113]

Key point
Antidepressants have no impact on cognition in patients with 
AD‑related depression.

Other pharmacological and non‑pharmacological 
approaches to treat depression in AD
Cholinesterase inhibitors have been the standard of care in AD 
with improvements in cognitive function but also to reduce 
behavioral disturbances and the distress of caregivers, but 
this does not happen for depression. A  large trial involving 
978 patients treated with either galantamine or placebo for 
21 weeks showed a global improvement in the NPI scale in 
comparison to placebo in the items of aberrant motor behavior 
and anxiety but not in depression.[114] The same was reported 
in another trial with donepezil for 24 weeks, with significant 
improvement on NPI subscales such as anxiety, apathy, 
and irritability but not on the depression subscale.[115] An 
open‑label retrospective study with 86 AD patients treated with 
donepezil and based on NPI measures reported improvement 
of behavioral symptoms in 41% of patients and worsening in 
28%, but higher scores in depression.[116]

Given the limited efficacy and side effects of antidepressants, 
behavioral treatment of depression in AD patients has emerged 
as a possible alternative. A randomized controlled clinical trial 
tried two active behavioral treatments: one oriented toward 
patient pleasant events and another emphasizing caregiver 
problem‑solving, in comparison with the usual care condition 
or waiting list controls. Patients and caregivers on behavioral 
treatment improved significantly in their depressive symptoms 
in comparison with controls.[117] In another clinical trial based 
on 153 community‑dwelling AD patients, the patient‑caregiver 
dyads were randomly assigned to receive either a combined 
exercise and caregiver training program or routine medical 
care for three months. The patients on behavioral treatment 

Figure 3: A forest plot representing the standardized mean differences on 
the MMSE scores in antidepressant‑treated patients vs. placebo
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improved their quality of life and depression according to the 
SF‑36 questionnaire and the Cornell Scale for Depression, 
respectively, in comparison with controls.[118]

Cognitive therapy may be offered as a feasible option. In an 
inclusive randomized trial of depressed patients from the 
general population and with a wide age range, cognitive therapy 
was as effective as antidepressants in terms of clinical response 
and remission rate after 16  weeks of treatment.[119] After a 
12‑month follow‑up, the same authors observed that patients 
withdrawn from cognitive therapy were significantly less likely 
to relapse than patients withdrawn from medications (30.8% vs. 
76.2%), which means higher efficacy in relapse prevention.[120] 
In AD, there is limited experience with cognitive therapy for 
depression and cognition. The efficacy was summarized in a 
meta‑analysis of 17 controlled studies. Cognitive therapy based 
on restorative strategies not only obtained a medium‑sized 
effect on multiple functional domains but also on depression 
and daily living activities.[121] Reminiscence therapy has also 
proven useful in a randomized controlled trial of 95 patients 
with AD and depression who were assessed at 12 and 24 weeks 
by means of the Cornell scale for depression.[122]

Electro Convulsive Therapy (ECT) is seldom used due to its 
potential side effects and unlikely benefit. It is restricted to some 
patients in experienced centers. In the John Hopkins Hospital, 
31 patients with several types of dementia were treated with 
ECT (mean: nine treatments) with some improvement in mood 
and cognition, but 15 patients developed delirium.[123]

Anticonvulsant mood stabilizers  (carbamazepine, valproic 
acid, lamotrigine, gabapentin, and topiramate) have been 
used before, but there is no evidence of a beneficial effect in 
demented patients with depression, according to an extensive 
review focused on randomized trials and open‑labeled 
studies.[124] The same conclusion was drawn for atypical 
antipsychotics such as olanzapine, quetiapine, and risperidone. 
In the CATIE‑AD trial, which included 421  patients, no 
improvement was seen on the item depression with these drugs 
compared with placebo. In addition, olanzapine had negative 
effects on depressive symptoms.[125]

Exercise is also a potential therapy thanks to its effect on 
hippocampal neurogenesis in major depression and Alzheimer’s 
disease,[126] but large trials are needed to evaluate improvement.

Key points
Cholinesterase inhibitors, anti‑psychotics, and mood stabilizers 
do not improve depression in AD. Cognitive therapy is 
emerging with promising results.

Discussion and Conclusions

Depression is a frequent co‑morbid condition in AD, and 
the mechanism of causation remains elusive. Although no 
major advances have occurred in the field of treatment, new 
developments have emerged in neurobiology. Depressive 
symptoms seem to be independent of the amyloid burden. 
Interestingly, in a cohort of 1524 β‑amyloid‑positive patients 

with either MCI or AD, depressive symptoms appeared at 
different stages of the disease and independently of cognitive 
status.[127] This fact points toward some differences in relation 
to pathophysiology. The diagnosis poses some challenges 
because of impaired cognition. Amyloid‑PET may be a 
good instrument to distinguish AD‑related depression from 
depressive pseudo‑dementia.[128]

Given the lack of large randomized trials, optimal treatment and 
the real degree of efficacy remain undetermined. Nonetheless, 
most authors prefer to use SSRI drugs. In addition, the high 
rates of response to placebo undermine the possible efficacy 
of antidepressants. In a recently published meta‑analysis, the 
authors found a small benefit from mirtazapine and sertraline, 
but they included patients with other types of dementia 
and non‑placebo‑controlled trials.[129] To date, there are no 
predictors of response to antidepressants. Cognitive and 
behavioral therapies are promising, but further research is 
needed to determine what patients will benefit from them and 
what treatment programs will be useful.

There are many unmet needs with regard to treatment for 
AD‑related depression, with some glimpses of hope on the 
horizon. Along with education, hypertension, and job status, 
depression was a predictor of cognitive status in AD in a 
Bayesian model, so intervention on these factors might result 
in slower cognitive deterioration.[130]

In conclusion, the interactions between depression and AD 
are not well understood. Depression appears independently of 
cognitive function status and brain pathology, and it is little 
responsive to antidepressants.
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