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Depressive disorders in the  
elderly and dementia

An update
Natália S. Dias1, Izabela G. Barbosa1,2, Weihong Kuang3, Antonio L. Teixeira1,4,5

ABSTRACT. The relationship between depressive disorders in the elderly and dementia, particularly Alzheimer’s disease 

(AD), is highly complex. While the nature of this relationship is still a matter of debate, differential diagnosis and 

treatment remain a great clinical challenge. We review recent findings on the conundrum of depressive disorders 

in the elderly and AD. There is a biological continuum between depressive disorders in the elderly – or at least a 

subgroup of them – and AD. While elderly subjects with depression and patients with AD exhibit higher circulating 

levels of pro-inflammatory molecules and lower BDNF than matched controls, CSF levels of Aβ42 can discriminate 

AD from depressive disorders in the elderly. The role of antidepressant treatment as a strategy to minimize the risk 

of AD remains to be established. 
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TRANSTORNOS DEPRESSIVOS EM IDOSOS E DEMÊNCIA: UMA ATUALIZAÇÃO

RESUMO. A relação entre transtornos depressivos em idosos e demência, particularmente a doença de Alzheimer 

(DA), é altamente complexa. Embora a natureza desse relacionamento ainda seja motivo de debate, o diagnóstico 

e o tratamento diferenciais continuam sendo um grande desafio clínico. Revisamos descobertas recentes sobre o 

dilema de transtornos depressivos em idosos e DA. Existe um contínuo biológico entre os transtornos depressivos 

em idosos – ou pelo menos um subgrupo deles – e a DA. Enquanto indivíduos idosos com depressão e pacientes 

com DA exibem níveis circulantes mais altos de moléculas pró-inflamatórias e menor BDNF do que os controles 

correspondentes, os níveis de Aβ42 no LCR podem discriminar a DA de distúrbios depressivos em idosos. O papel 

do tratamento antidepressivo como estratégia para minimizar o risco de DA ainda precisa ser estabelecido.

Palavras-chave: depressão, demência, Alzheimer, diagnóstico diferencial, terapêutica.

The world’s population is ageing rap-
idly. The proportion of the world’s older 

adults is estimated to almost double between 
2015 and 2050.1 In absolute terms, this is an 
expected increase from 900 million to 2 bil-
lion people over the age of 60.1

The prevalence of depressive disorders 
among older adults is around 35%.2 Actually, 
depressive disorders – both major depressive 
disorder (MDD) and subthreshold depres-

sive symptoms – are the most common psy-
chiatric disorders in the elderly.3 Moreover, a 
Brazilian study showed that the frequency of 
depressive symptoms in people between 60 
to 79 years of age is 30% higher than with 
young adults.4 Depressive disorders also have 
a significant social impact, and specifically 
MDD accounts for 5.7% of years lived with 
disability (YLDs) among people older than 60  
years.1 
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Depressive disorders in the elderly can be classified 
according to the age of emergence of the first mood 
episode.5 Early-onset depression (EoD) is defined by 
the first depressive disorder starting before 60 years of 
age, while late-onset depression (LoD) refers to the first 
depressive disorder onset after 60 years of age.5

In the elderly, depressive disorders, particularly LoD, 
are marked by apathy, psychomotor changes and cog-
nitve impairment.6 Differentiating cognitive deficits 
secondary to depressive disorders from dementia with 
depressive symptoms remains a great clinical challenge. 
This is complicated by the fact that depressive disorders 
in the elderly have been defined as risk factor or pro-
drome of neurodegenerative diseases, possibly reflecting 
underlying vascular and/or degenerative processes.7

This review aims to discuss clinical presentation, 
pathophysiological mechanisms and treatment of 
depressive disordes in the elderly. For this narrative 
review, we searched the pertinent literature on the 
Pubmed database until November 2019, focusing on 
meta-analyses, systematic reviews and studies published 
in English in the last five years. We also included histori-
cally relevant studies. 

DEPRESSIVE DISORDERS IN THE ELDERLY AND 
COGNITIVE DEFICIT: THE CLINICAL CHALLENGES
Cognitive impairment is a definig feature of depressive 
disorders according to the DSM-58 and ICD11.9 However, 
when elderly patients with depressive disorders exhibit 
marked cognitive dysfunction and even functional 
decline, they might be diagnosed as “pseudodementia”. 
This is an old and highly disputable concept that under-
scores the cognitive symptoms in the context of mood 
disorders. 

Cognitive deficits related to depressive disorders are 
classically marked by executive dysfunction, including 
problem resolution and planning, flexibility, decision 
making ability and inibitory control,10,11 and impair-
ment in selective and sustained attention, semantic 
and fonemic fluency.11 In the elderly, EoD has been 
associated with episodic memory deficits and bilateral 
hippocampus atrophy.12,13 This finding goes in line with 
the epidemiological evidence implicating depression as 
a risk factor for Alzheimer’s disease.14 Conversely, LoD 
has been associated with more executive disfunction 
and prominent cerebrovascular lesions in pre-frontal 
regions, i.e. white matter hyperintensities in magnetic 
ressonance imaging.12,15,16 More recent studies have 
shown more severe memory impairment and hippocam-
pal volume loss in LoD compared to EoD,11,17 suggesting 

that not only vascular burden but also neurodegenera-
tive changes might be implicated in the pathogenesis 
of LoD.

Depressive disorders have been associated with cogni-
tive impairment even when euthymic state is achieved.18 
A recent study showed that remitted MDD patients had 
a cognitive performance between healthy controls and 
non-remitted MDD patients.19 In the elderly, depressive 
disorders have also been associated with cognitive defi-
cits after mood symptom remission.20,21 Interestingly, 
cognitive impairment seems to be mediated by apathy 
in elderly subjects with MDD as in neurodegenerative 
diseases like AD and Parkinson’s disease.21 

There is considerable overlap in clinical presentation, 
neuropsychological performance and even neuroimag-
ing findings between elderly patients with depressive 
disorders and patients with dementia.7 The differential 
diagnosis of these two conditions can be challenging, 
requiring careful clinical follow-up with neuropsycho-
logical assessment and, if availabe, CSF and PET neu-
roimaging tests. Understanding the biological interac-
tion between depression and dementia and identifing 
putative biomarkers could improve both the diagnosis 
process and the treatment of depressive disorders in the 
elderly. 

DEPRESSIVE DISORDERS: RISK FACTOR  
OR A PRODROME OF DEMENTIA
In the past two decades, several populational studies 
have shown that depressive disorders are risk factor 
for cognitive decline and dementia, especially AD.22,23 
A recent metanalysis including longitudinal studies 
with 49,612 subjects further promoted the association 
between depressive disorders and dementia with 2.53 
fold-increased risk for vascular dementia and 1.85 fold-
increased risk for AD.24 It is worth mentioning that most 
studies in this meta-analysis did not clearly differentiate 
between EoD and LoD.

Otherwise, two recent community-based studies 
suggested that depressive symptoms are prodrome of 
dementia. Mirza and colaborators (2015)25 performed 
a 11 year cohort study evaluating depressive symptoms 
in 3,325 non-demented participants. Five trajectories 
of  depressive  symptoms were identified: stable low 
depression scores (2441 [73%]); moderately high start-
ing scores but then remitting (369 [11%]); low starting 
scores, increasing, then remitting (170 [5%]); low start-
ing scores that steadily increased (255 [8%]); and persis-
tent high scores (90 [3%]). Increased risk of dementia 
was observed in patients with steadily increasing depres-
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sive symptoms (8%), but not in the other patterns of 
depressive symptoms.25 These findings are consistent 
with the hypothesis that a specific pattern of depression 
presentation later in life might be seen as a prodrome 
of dementia. Indeed, depressive symptoms might lie in 
a continuum between subclinical cognitive impairment 
and overt dementia. In a 28 year follow-up cohort with 
10,308 participants, Singh-Manoux and colaborators 
(2017)26 also showed that depressive symptoms can be 
seen as a prodrome of dementia and initiate ten years 
before the diagnosis of dementia.26 

Taking into account that the great majority of neu-
rodegenerative diseases develops throughout many 
years, it is conceivable that depressive symptoms might 
preceed cognitive decline and other clinical features.27,28 
This supports the idea that depressive disorders in 
elderly population, especially LoD, is a prodrome than a 
risk factor for dementia. It is worth noticing that psychi-
atric symptoms, like depression, anxiety, euphoria and 
irritability can occur in patients with the established 
diagnosis dementia.29

PUTATIVE MECHANISMS
Elderly patients with depressive disorder exhibit increased 
cortisol levels in comparison with age-matched controls,30 
suggesting an impairment in the hypothalamic-pitu-
itary-adrenal (HPA) axis.30 Cortisol differences during 
middle and older adulthood is not significantly different, 
but among individuals with depression, cortisol levels 
seemed to increase with age.31 Several studies have 
shown that increased cortisol levels are associated with 
hippocampus atrophy and cognitive impairment.32-34 
Thus, the HPA axis dysfunction might contribute to the 
amnestic deficits shown in elderly patients with depres-
sive disorders.30

Several studies have also reported association 
between inflammatory markers imbalance and depres-
sive disorders. Patients with depressive disorders pres-
ent increased circulating levels of proinflammatory 
molecules, such as interleukin (IL) – 6, tumoral necro-
sis factor (TNF), monocyte chemoattractant protein-1 
(MCP-1) and C-reactive protein (CRP).35,36 The ageing 
process itself is associated with innate and adaptative 
immunity changes, collectively called immunosenes-
cence, including low grade chronic inflammation and 
immune response polarization towards a Th2 profile.30 
The presence of depression in the elderly would add fur-
ther burden to the ageing process, being associated with 
even highter levels of pro-inflammatory molecules. A 
systematic review found that high IL-8, IL-6 and TNF 

levels might be potential biomarkers for depressive 
disorders in the elderly.37 A recent exploratory cross-
sectional study showed that increased vascular endo-
thelial growth factor (VEGF), IL-7, MCP-1, TNF and 
IL-1β plasma levels predicted with 95.1% of accuracy 
the diagnosis of depressive disorder in elderly subjects.38 
One study evaluating 119 patients with LoD and 231 
patients with EoD showed increased CRP plasma levels 
in LoD, and this was related with higher social stressors 
among LoD cases.39 

Dementia, particularly AD, has been associated with 
increased peripheral proinflammatory profile as well. 
Patients with AD present increased IL-1β, IL-2, IL-6, 
IL-18, soluble TNF-receptor (sTNF-R) 1 and 2, high 
sensitivity CPR (hsCPR), interferon (IFN) – γ, C-X-C 
motif chemokine (CXCL) – 10, epidermal growth fac-
tor (EGF), vascular cell adhesion molecule (VCAM) – 1, 
α1-antichymotrypsin and transferrin compared to age-
matched controls.40 These mediators might play a direct 
role on cognition. Moreover, IL-6 blood levels have been 
inversely correlated with the Mini-Mental State Exami-
nation (MMSE) scores in patients with dementia.40 
There is no study directly comparing the immune pro-
file in depressive disorders in elderly versus dementia. 

The brain-derived neurotrophic factor (BDNF), a 
neurotrophin expressed in the hippocampus, plays an 
important role in neuronal survival, sinaptic integrity, 
and neuroplasticity.41 Decreased BDNF levels have been 
systematically associated with cognitve impairment42,43 
and dementia.44-46 Elderly patients with depressive dis-
orders also demonstrated decreased BDNF levels.47,48 

Patients with AD have low β-amyloid level protein 
and high total tau and phosphorilated tau in the cere-
brospinal fluid (CSF).49 The CSF levels of the isoform 
with 42 aminoacids of β-amyloid protein and tau pro-
tein (total tau and phosphorilated tau) are strongly 
related with AD neuropathology and are considered the 
gold-standard biomarkers in differentiating AD from 
dementia of other causes and psychiatric disorders,49,50 
as depicted in Table 1. 

The current knowledge on the dynamics of Aβ 
peptides in the CSF and plasma of depressive disor-
ders in the elderly is limited. A metanalysis including 
142 elderly patients with depressive disorders showed 
decreased Aβ42 CSF levels when compared with elderly 
controls.49 However, Aβ42 CSF levels are higher51-53 in 
older adults with depressive disorders in comparison 
with patients with AD. Total tau and phosphorilated 
tau levels did not differ between elderly patients with 
depressive disorders and controls in serum and/or 
plasma55 and total tau and phosphorilated tau levels 
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in the CSF are decreased in elderly with depressive dis-
orders in comparison with patients with AD51-57. It is 
worth mentioning that these metanalytical studies did 
not undertake subgroup analysis taking into account 
EoD and LoD. This type of analysis would provide rel-
evant information on the link between AD and a specific 
subgroup of late life depressive disorder.

Changes in CSF biomarkers in depressed elderly 
patients are in the same direction of changes observed 
in AD patients. These findings might sugget a shared 
neurobiology between depressive disorders in the 
elderly population and AD. Another hypothesis is that 
AD in the early stage and depressive disorders in the 
elderly might be in the same continuum. 

Cerebrovascular disease is another mechanism 
potentially associated with depressive disorders in the 
elderly. It has been classicaly associated with a subtype 
of depressive disorder characterized by a distinct clini-
cal presentation: psychomotor slowing, lack of iniciative 
and apathy, absence of a family history of depression, a 
medical history of hypertension and cognitive impair-
ment, and typical neuroimaging findings.58 Though not 
formally recorded in psychiatric diagnostic manuals, 
“vascular depression” has been a well accepted construct 
in the research setting.58

TREATMENT
Psychotheraphy associated with antidepressant are 
the treatment of choice for depressive disorders in the 
elderly.59

Whether antidepressants improve cognitive per-
formance in the elderly is a matter of debate. A recent 
metanalysis of nine placebo-controlled randomized 
trials including a total of 2,550 participants demon-
strated that antidepressant treatment was associated 

with increased psychomotor speed and better perfor-
mance on delayed recall test.60 On the other hand, a 
community-based cohort study including 7,381 par-
ticipants aged 65 years and over showed that patients 
taking tricyclic antidepressants (TCA) had impairment 
at verbal fluency, visual memory and psychomotor speed 
tests.57 Conversely, selective serotonin reuptake inhibi-
tors (SSRI) were associated with impairment at verbal 
fluency and psychomotor speed tests. Besides highlight-
ing the potential negative effects on cognition of anti-
depressants, this study showed that different classes 
of antidepressants might influence different cognitive 
parameters.61

A recent review suggests that antidepressants may 
attenuate AD risk and, particularly, SSRIs may be effec-
tive in delaying AD onset.62 Unfortunately, studies 
reviewed are limited by their observational nature, lack 
of randomization and confounding biases,62 like the 
prescription of antidepressants for elderly depressed 
patients – that could be already in a prodromal stage 
of AD. 

The prescription of anticholinesterase agents as add 
on drugs for depressive disorder in elderly patients is 
controversial. Donepezil as add on drug to depressive 
disorder in elderly patients does not seem to influence 
cognitive performance and the dementia conversion 
rate.63,64

A last important question must be adressed. Is there 
any evidence that the prescription of antidepressants 
might help to treat depressive disorders in patients with 
dementia? While the prescription of antidepressants in 
patients with dementia is widespread, recent metanaly-
ses have shown that antidepressants present little or no 
effect on depressive symptoms, cognitive functioning 
and activities of daily living in this specific population.65 
Therefore, a more critical approach is need and clinicians 

Table 1. Cerebrospinal fluid biomarkers in depressive disorders in the elderly,  
neurodegenerative disorders and psychiatric disorders.

β-amyloid p-tau total tau

AD ↓↓ ↑↑ ↑↑

FTD ↓ = ↑

LBD ↓ ↑ ↑

VD ↓ = =

MDD ↓ = = 

p-tau: phosphorilated tau; AD: Alzheimer’s Disease; LBD: Lewy’s body dementia; FTD: fron-
totemporal dementia; VD: vascular dementia; MDD: major depressive disorder (in late-life). 
Adapted from Schoonenboom et al., 2011; with information from Nascimento et al., 2015 
and Brown et al., 2016.

Figure 1. The complex interplay of biomarkers in the  
depressive disorders – Alzheimer’s disease continuum.
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must consider not only this lack of evidence but also 
that antidepressants might cause adverse events and 
interact with other medications.65

CONCLUSIONS
Older age is a consistent and important risk factor 
for a poorer course of depressive disorders.66 Depres-
sive disorders in the elderly and AD present common 
clinical symptoms that might dim the diagnosis of 
both conditions. Moreover, biomarkers suggest shared 
neurobiological mechanisms between AD and depres-
sive disorders. The variable terminology and classifi-
catory systems,67 alongside methodological heteroge-

neity are still important obstacles to the field advance. 
More studies comparing blood-based and CSF markers, 
neuroimaging and neuropsychological performances in 
elderly patients with depressive disorders and patients 
with AD are needed. The identification and validation 
of biomarkers would help in the diagnostic process 
and possibly in the elegibility process for therapeutic 
interventions.68 

Author contributions. Dr. Dias and Dr. Barbosa performed 
the literature review and wrote the first draft of the 
manuscript. Dr. Huang and Dr. Teixeira revised the 
content and organization of the manuscript. All authors 
approved its final version. 

REFERENCES
1.	 World Health Organization [homepage]. Mental health of older adults 

[acessed in January 15th 2019]. Available in: https://www.who.int/
news-room/fact-sheets/detail/mental-health-of-older-adults

2.	 Coelho CL, Crippa JA, Santos JL, Pinsky I, Zaleski M, Caetano R, 
Ronaldo Laranjeira. Higher prevalence of major depressive symptoms 
in Brazilians aged 14 and older. Rev Bras Psiquiatr. 2013;35:142-9. 

3.	 Steffens DC and Potter GG. Geriatric Depression and Cognitive Impair-
ment. Psychol Med. 2007;38:163-75.

4.	 Munhoz TN, Nunes BP, Wehrmeister FC, Santos IS, Matijasevich A. 
A nationwide population-based study of depression in Brazil. J Affect 
Disord. 2016;192:226-33. 

5.	 Van den Berg, Oldehinkel AJ, Bouhuys AL, Brilman EI, Beekman AT, 
Ormel J. Depression in later life: three etiologically different subgroups. 
J Affect Disord. 2001;65:19-26.

6.	 Naismith SL, Norrie LM, Mowszowski L, Hickie IB. The neurobiology of 
depression in later-life: clinical, neuropsychological, neuroimaging and 
pathophysiological features. Prog Neurobiol. 2012;98:99-143.

7.	 Leyhe T, Reynolds III CF, Melcher T, Linnemann C, Klöppel S, Blennow 
K, et al. A common challenge in older adults: classification, overlap 
and therapy of depression and dementia. Alzheimers Dement. 2017; 
13:59-71.

8.	 American Psychiatric Association. Diagnostic and Statistical Manual of 
Mental Disorders, Fifth Edition (DSM-V). Arlington, VA: American Psychi-
atric Association, 2013.

9.	 World Health Organization (2018).  International statistical classifica-
tion of diseases and related health problems, 11th Revision. Retrieved 
from https://icd.who.int/browse11/l-m/en.

10.	 Rock PL,  Roiser JP,  Riedel WJ, Blackwell AD. Cognitive impair-
ment  in  depression: a  systematic review  and  meta-analysis. Psychol 
Med. 2014;44:2029-40.

11.	 Valiengo LCL, Stella F, Forlenza OV. Mood disorders in the elderly: preva-
lence, functional impact, and management challenges. Neuropsychiatr 
Dis Treat. 2016;12:2105-14. 

12.	 Herrmann LL, Goodwin GM, Ebmeier KP. The cognitive neuropsychology 
of depression in the elderly. Psychol Med. 2007;37:1693-702.

13.	 Schweitzer I, Tuckwell V, Ames D, O’Brien J. Structural neuroimaging 
studies in late-life depression: a review. World J Biol Psichiatry. 2001;2: 
83-8.

14.	 Ownby RL, Crocco E, Acevedo A, John V, Loewenstein D. Depression 
and risk for Alzheimer disease: systematic review, meta-analysis, and 
metaregression analysis. Arch Gen Psychiatry. 2006;63:530-8.

15.	 Herrmann LL, Le Masurier M, Ebmeier KP. White matter hyperinten-
sities in late life depression: a systematic review. J Neurol Neurosurg 
Psychiatry. 2008;79:619-24.

16.	 Naismith SL, Norrie LM, Mowszowski L, Hickie IB. The neurobiology of 
depression in later-life: clinical, neuropsychological, neuroimaging and 
pathophysiological features. Prog Neurobiol. 2012;98:99-143.

17.	 Sachs-Ericsson N, Corsentino E, Moxley J, Hames JL, Rushing NC, 
Sawyer K, et al. A longitudinal study of differences in late and early onset 

geriatric depression: Depressive symptoms and psychosocial, cognitive, 
and neurological functioning. Aging Ment Health. 2013;17:1-11.

18.	 Hasselbalch BJ, Knorr U, Kessing LV. Cognitive impairment in the 
remitted state of unipolar depressive disorder: a systematic review. J 
Affect Disord. 2011;134:20-31. 

19.	 Grützner TM, Sharma A, Listunova L, Bartolovic M, Weisbrod M, 
Roesch-Ely D. Neurocognitive performance in patients with depression 
compared to healthy controls: association of clinical variables and remis-
sion state. Psychiatry Res. 2019;343-50.

20.	 Riddle M, Potter GG, McQuoid DR, Steffens DC, Beyer JL, Taylor 
WD. Longitudinal cognitive outcomes of clinical phenotypes of late-life 
depression. Am J Geriatr Psychiatry. 2017;25(10):1123-34. 

21.	 Funes CM, Lavretsky H, Ercoli L, St Cyr N, Siddarth P. Apathy medi-
ates cognitive difficulties in geriatric depression. Am J Geriatr Psuchiatry. 
2018;26:100-6.

22.	 Mourão RJ, Mansur G, Malloy-Diniz LF, Castro-Costa E, Diniz BS. 
Depressive symptoms increase the risk of progression to dementia in 
subjects with mild cognitive impairment: systematic review and meta-
analysis. Int J Geriatr Psychiatry. 2016;31:905-11.

23.	 Köhler CA, Magalhaes TF, Oliveira JM, Alves GS, Knochel C, Oertel-
Knöchel V. Neuropsychiatric Disturbances in Mild Cognitive Impairment 
(MCI): A Systematic Review of Population-Based Studies. Curr Alzheimer 
Res. 2016;13:1066-82.

24.	 Diniz BS, Butters MA, Albert SM, Dew MA, Reynolds CF III. Late-life 
depression and risk of vascular dementia and Alzheimer’s disease: 
systematic review and meta-analysis of community-based cohort 
studies. Br J Psychiatry. 2013;202:329-35. 

25.	 Mirza SS, Wolters FJ, Swanson SA, Koudstaal PJ, Hofman A, Tiemeier 
H, Ikram MA.10-year trajectories of depressive symptoms and risk of 
dementia: a population-based study. Lancet Psychiatry. 2016;3:628-35. 

26.	 Singh-Manoux A, Dugravot A, Fournier A, Abell J, Ebmeier K, Kivimäki 
M, Sabia S. Trajectories of Depressive Symptoms Before Diagnosis of 
Dementia: A 28-Year Follow-up Study. JAMA Psychiatry. 2017;74:712-8.

27.	 Liepelt-Scarfone I, Behnke S, Godau J, Schweitzer KJ, Wolf B, Gaenslen 
A, Berg D. Relation of risk factors and putative premotor markers for 
Parkinson’s disease. J Neural Transm. 2011;118:579-85.

28.	 Ishihara L, Brayne C. A systematic review of depression and mental 
illness preceding Parkinson’s disease. Act Neurol Scand. 2006;113: 
211-20.

29.	 Ismail Z, Gatchel J, Bateman DR, Barcelos-Ferreira R, Cantillon M, 
Jaeger J, et al. Affective and emotional dysregulation as pre-dementia risk 
markers: exploring the mild behavioral impairment symptoms of depres-
sion, anxiety, irritability, and euphoria. Int Psychogeriatr. 2018;30: 185-96.

30.	 Belvederi Murri M, Pariante C, Mondelli V, Masotti M, Atti AR, Mellacqua 
Z, et al. HPA axis and aging in depression: systematic review and meta-
analysis. Psychoneuroendocrinology. 2014;41:46-62.

31.	 Stetler C, Miller GE. Depression and Hypothalamic-Pituitary-Adrenal Acti-
vation: a quantitative summary of four decades of research. Psychosom 
Med. 2011;73:114-6. 



Dement Neuropsychol 2020 March;14(1):1-6

6 Depression and dementia        Dias et al.

32.	 O’Brien JT, Ames D, Schweitzer I, Colman P, Desmond P, Tress B. 
Clinical and Magnetic Resonance Imaging Correlates of Hypothalamic-
Pituitary-Adrenal Axis Function in Depression and Alzheimer’s Disease. 
Br J Psychiatry. 1996;168:679-87.

33.	 Knoops A, Gerritsen L, Graaf Y, Mali WP, Geerlings MI. Basal Hypo-
thalamic Pituitary Adrenal Axis Activity and Hippocampla Volumes: The 
SMART-Medea Study. Biol Psychiatry. 2010;67:1191-8.

34.	 Lebedeva A, Sundstrom A, Lindgren L, Stomby A, Aarsland D, Westman 
E, et al. Longitudinal relationships among depressive symptoms, cortisol, 
and brain atrophy in the neocortex and the hippocampus. Acta Psychiatr 
Scand. 2018;137:491-502.

35.	 Haapakoski R, Mathieu J, Ebmeier KP, Alenius H, Kivimäki M. Cumula-
tive meta-analysis of interleukins 6 and 1β, tumour necrosis factor α and 
C-reactive protein in patients with major depressive disorder. Brain Behav 
Immun. 2015;49:206-15.

36.	 Eyre HA, Air T, Pradhan A, Johnston J, Lavretsky H, Stuart MJ, Baune 
BT. A meta-analysis of chemokines in major depression. Prog Neuro-
psychopharmacol Biol Psychiatry. 2016;68:1-84.

37.	 Martínez-Cengotitabengoa M, Carrascón L, O’Brien JT, Díaz-Gutiérrez 
MJ, Bermúdez-Ampudia C, Sanada K, et al. Peripheral Inflammatory 
Parameters in Late-Life Depression: A Systematic Review. Int J Mol Sci. 
2016;17: E2022. 

38.	 Gaarden TL, Engedal K, Benth JS, Larsen M, Lorentzen B, Mollnes TE, 
et al. Exploration of 27 immune markers: a cross-sectional comparison 
of 64 old psychiatric inpatients having unipolar major depression and 18 
non-depressed old persons. BMC Geriatrics. 2018;18:149.

39.	 Rozing MP, Veerhuis R, Westendorp RGJ, Eikelenboom P, Stek M, Mari-
jnissen RM, et al. Inflammation in older subjects with early- and late-
onset depression in the NESDO study: a cross-sectional and longitudinal 
case-only design. Psyconeuroendocrinology. 2019;99:20-7. 

40.	 Lai KSP, Liu CS, Rau A, Lanctôt KL, Köhler CA, Pakosh M, et al. Periph-
eral inflammatory markers in Alzheimer’s disease: a systematic review 
and meta-analysis of 175 studies. J Neurol Neurosurg Psychiatry. 2017; 
88:876-82.

41.	 Halbach OB, Halbach VB. BDNF effects on dendrit spine morphology 
and hippocampal function. Cell and Tissue Res. 2018;373:729-41.

42.	 Dwivedi Y. Involvement of brain-derived neurotrophic factor in late-life 
depression. Am J Geriatr Psychiatry. 2013;21:433-49.

43.	 Diniz BS, Teixeira AL, Machado-Vieira R, Talib LL, Radanovic M, Gattaz 
WF, Forlenza OV. Reduced cerebrospinal fluid levels of brain-derived 
neurotrophic factor is associated with cognitive impairment in late-life 
major depression. J Gerontol B Psychol Sci Soc Sci. 2014;69:845-51.

44.	 Sampaio TB, Savall AS, Gutierrez MEZ, Pinton S. Neurotrophic factors 
in Alzheimer’s and Parkinson’s diseases: implications for pathogenesis 
and therapy. Neural Regen Res. 2017;12:549-57.

45.	 Siuda J, Patalong-Ogiewa M, Zmuda W, Targosz-Gajniak M, Niewia-
domska E, Matuszek I, et al. Cognitive impairment and BDNF serum 
levels. Neurol Neurochir Pol. 2017;51:24-32.

46.	 Sopova K, Gatsiou K, Stellos K, Laske C. Dysregulation of neuro-
trophic and haematopoietic growth factors in Alzheimer’s disease: from 
pathophysiology to novel treatment strategies. Curr Alzheimer Res. 
2014;11:27-39.

47.	 Diniz BS, Teixeira AL, Talib LL, Mendonça VA, Gattaz WF, Forlenza OV. 
Serum brain-derived neurotrophic factor level is reduced in antidepres-
sant-free patients with late-life depression. World J Biol Psychiatry. 
2010;11:550-5.

48.	 Nunes PV, Nascimento CF, Kim HK, Andreazza AC, Brentani HP, 
Suemoto CK, et al. Low brain-derived neurotrophic factor levels in post-
mortem brains of older adults with depression and dementia in a large 
clinicopathological sample. J Affect Disord. 2018;241:176-81. 

49.	 Nascimento KKF, Silva KP, Malloy-Diniz LF, Butters MA, Diniz BS. Plasma 
and cerebrospinal fluid amyloid β levels in late-life depression: a system-
atic review and meta-analysis. J Psychiatry Res. 2015;69:35-41.

50.	 Schoonenboom NS, Reesink FE, Verwey NA, Kester MI, Teunissen CE, 

van de Ven PM, et al. Cerebrospinal fluid markers for differential dementia 
diagnosis in a large memory clinic cohort. Neurology. 2012;78:47-54.

51.	 Sanfilippo C, Forlenza O, Zetterberg H, Blennow K. Increased neuro-
granin concentrations in cerebrospinal fluid of Alzheimer’s disease 
and in mild cognitive impairment due to AD. J Neural Transm (Vienna). 
2016;123:1443-7. 

52.	 Reis T, Brandão CO, Freire Coutinho ES, Engelhardt E, Laks J. Cerebro-
spinal fluid biomarkers in Alzheimer’s disease and geriatric depression: 
preliminary findings from Brazil. CNS Neurosci Ther. 2012;18:524-9.

53.	 Hertze J, Minthon L, Zetterberg H, Vanmechelen E, Blennow K, Hansson 
O. Evaluation of CSF biomarkers as predictors of Alzheimer’s disease: A 
clinical follow-up study of 4.7 years. J Alzhiemers Dis. 2010;21:1119-28.

54.	 Welge V, Fiege O, Lewczuk P et al. Combined CSF tau, p-tau 181 and 
amyloid-β 38/40/42 for diagnosing Alzheimer’s disease. J Neural Transm 
(Vienna). 2009;116:203-12. 

55.	 Brown EE, Iwata Y, Chung JK, Mollenhauer B, Esselmann H, Klafki HW, 
et al. Tau in Late-Life Depression: A Systematic Review and Meta-Anal-
ysis. J Alzheimers Dis. 2016;54:615-33.

56.	 Schonknecht P, Pantel J, Kaiser E, Thomann P, Schröder J. Increased 
tau protein differentiates mild cognitive impairment from geriatric depres-
sion and predicts conversion to dementia. Neurosci Lett. 2007;416: 
39-42.

57.	 Blennow K, Wallin A, Agren H, Spenger C, Siegfried J, Vanmechelen 
E. Tau protein in cerebrospinal fluid. A biochemical marker. Mol Chem 
Neuropathol.1995;26:231-45. 

58.	 Aizenstein HJ, Baskys A, Boldrini M, Butters MA, Diniz BS, Jaiswal MK, 
et al. Vascular depression consensus report – a critical update. BMC 
Med 2016;14:161.

59.	 Alexopoulos GS, Katz IR, Reynolds CF 3rd, Carpenter D, Docherty JP. 
The expert consensus guideline series. Pharmacotherapy of depressive 
disorders in older patients. Postgrad Med. 2001; Spec No Pharmaco-
therapy: 1-86.

60.	 Rosenblat JD, Kakar R, McIntyre RS. The Cognitive Effects of Antide-
pressants in Major Depressive Disorder: A Systematic Review and Meta-
Analysis of Randomized Clinical  Trials. Int J Neuropsychopharmacol. 
2015;19(2). pii: pyv082.

61.	 Carrière I, Norton J, Farré A, Wyart M, Tzourio C, Noize P, et al. Antide-
pressant use and cognitive decline in community-dwelling elderly people 
– The Three-City Cohort. BMC Med 2017;15:81. 

62.	 Khoury R, Grossberg GT. Impact of antidepressant use on the trajectory 
of Alzheimer’s disease: evidence, mechanisms, and therapeutic implica-
tions. CNS Drugs 2019;33:17-29. 

63.	 Reynolds CF 3rd, Butters MA, Lopez O, Pollock BG, Dew MA, Mulsant 
BH, et al. Maintenance treatment of depression in old age: a random-
ized, double-blind, placebo-controlled evaluation of the efficacy and 
safety of donepezil combined with antidepressant pharmacotherapy. 
Arch Gen Psychiatry 2011;68:51-60.

64.	 Devanand DP, Pelton GH, D’Antonio K, Ciarleglio A, Scodes J, Andrews 
H, et al. Donepezil Treatment in Patients With Depression and Cogni-
tive Impairment on Stable Antidepressant Treatment: A Randomized 
Controlled Trial. Am J Geriatr Psychiatry 2018;26:1050–1060.

65.	 Dudas R, Malouf R, McCleery J, Demimg T. Antideoressants for treating 
depression in dementia (Review). Cochrane Database Syst Rev. 
2018;31:8.

66.	 Schaakxs R, Comijs HC, Lamers S, Kok RM, Beekman ATF, Penninx 
BWJH. Associantions between age and the course of major depres-
sive disorder: a 2-year longitudinal cohort study. Lancet Psychiatry. 
2018;5:581-90. 

67.	 Hiles SA, Baker AL, Malmanche T, Attia J. A meta-analysis of differences 
in IL-6 and IL-10 between people with and without depression: exploring 
the causes of heterogeneity. Brain Behav Immun. 2012;26:1180-8. 

68.	 Jha MK, Trivedi MH. Personalized antidepressant selection and pathway 
to novel treatments: clinical utility of targeting inflammation. Int J Mol Sci. 
2018;19(1): E233.


