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Abstract

:

Depression and anxiety are highly prevalent in most neurological disorders and can have a major impact on the patient’s disability and quality of life. However, mostly due to the heterogeneity of symptoms and the complexity of the underlying comorbidities, depression can be difficult to diagnose, resulting in limited recognition and in undertreatment. The early detection and treatment of depression simultaneously with the neurological disorder is key to avoiding deterioration and further disability. Although the neurologist should be able to identify and treat depression initially, a neuropsychiatry team should be available for severe cases and those who are unresponsive to treatment. Neurologists should be also aware that in neurodegenerative diseases, such as Alzheimer’s or Parkinson’s, different depression symptoms could develop at different stages of the disease. The treatment options for depression in neurological diseases include drugs, cognitive-behavioral therapy, and somatic interventions, among others, but often, the evidence-based efficacy is limited and the results are highly variable. Here, we review recent research on the diagnosis and treatment of depression in the context of Alzheimer’s disease, Parkinson’s disease, and strokes, with the aim of identifying common approaches and solutions for its initial management by the neurologist.
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1. Introduction


Neurological diseases represent a significant load of chronic disability and financial burden worldwide, especially as the aging population increases in many countries. The number of people living with dementia increased globally by 117% from 1990 to 2016 [1]. Neurological disorders, including epilepsy, migraines, Alzheimer’s disease (AD), Parkinson’s disease (PD), and strokes, are the third most common cause of disability and premature death in Europe [2]. Psychiatric comorbidities, especially depression and anxiety, are highly prevalent in neurological disorders and impose an even greater impact on both patients and caregivers. Depression has been found to increase disease burden by limiting treatment response, increasing disability, limiting outcomes, reducing the quality of life, and increasing mortality [3,4,5,6].



Despite the high incidence and impact on quality of life, it is commonly accepted that depression in the context of neurological diseases is underrecognized and undertreated. The reasons for this situation are generally attributed to the heterogeneity of the symptoms of depression associated with neurological diseases, and the difficulty of a correct diagnosis in patients who are already affected by cognitive or motor disabilities, or age-related comorbidities. Neuropsychiatry teams are not often available in many healthcare settings, and neurologists often must recognize depressive symptoms associated with neurological conditions and manage depression initially, seeking the assistance of psychiatrists in cases in which depression does not respond to therapy.



Treatment of depression in neurological diseases includes drugs, cognitive-behavioral therapy (CBT), somatic interventions, or even electroconvulsive therapy, but very often the evidence-based efficacy is extremely limited [7,8,9]. Oral antidepressant therapy is usually the first-line treatment. Many drugs are available, although often their efficacy is controversial depending on the accompanying neurological condition. Other disadvantages to being considered for the pharmacological approach are possible interactions with other medications, and low tolerability due to side effects. No general guidelines for the management of depression in neurological disorders are available, although some studies in the last years offer new insights into the diagnosis and treatment of depression in neurology. In this review, we aimed to bring together the main features of depression in frequent neurological diseases, such as AD, PD, and stroke, with the goal of finding common clinical aspects and treatments. We also highlighted aspects that may help to guide more specific management and treatment responses in different neurological disorders.




2. Depression in Neurological Diseases: Common Aspects


The heterogeneity of symptoms of depression makes its diagnosis in the context of neurological disease challenging. Often symptoms of depression can be confused with those of the neurological disease, or with age-related comorbidities. The typical clinical symptoms of depression can be grouped as affective, cognitive, and somatic, and include symptoms such as feelings of worthlessness, anhedonia, depressed mood, guilt, fatigue, difficulty in concentration, suicidal thoughts, and alterations in sleep, weight, and appetite. Depression is usually diagnosed and evaluated mostly based on the presence of affective symptoms only, while other symptoms equally relevant, such as cognitive symptoms, are often overlooked, even if they can be critical for functional recovery and the quality of life of the patient [10,11].



Suicidal ideation is a common feature of major depression in patients with neurologic disorders. A significantly higher rate of suicide has been observed in patients with traumatic brain injury, epilepsy, migraine, and multiple sclerosis, as well as in those with degenerative disorders such as AD, Huntington disease, ALS, and PD [12,13,14].



If depression is not detected or treated simultaneously with the neurological disorder, this can cause the persistence of symptoms and further disability. The basis for the evaluation of depression in all neurological diseases is the structured interview. To help in the diagnostic process, numerous scales have been developed for the evaluation of depression, although these should not be used in isolation but followed up with a detailed clinical assessment. Some of the most commonly used scales in clinical studies are the Beck Depression Inventory (BDI), the Center for Epidemiologic Studies Depression Scale (CES-D), the Hamilton Depression Rating Scale (HAM-D), the Montgomery-Asberg Depression Rating Scale (MADRS), or the Patient Health Questionnaire-9 (PHQ-9). However, often their use in patients with neurological disorders has not been validated and their use in routine clinical assessments is not standard. It has been suggested that score cut-off adjustments may be needed for some patients in these populations to account for overlapping motor and nonmotor symptoms of depression and to improve their sensitivity [15]. The nine-item and the two-item Patient Health Questionnaire (PHQ-9, PHQ-2) generates reliable results and is easy to administer in clinical settings [16,17]. Its validity in patients with some neurological disorders was recently demonstrated [18], although its reliability and validity in stroke patients were deemed inconclusive in a recent study [16,19]. A major limitation of scales is that they are self-reported and subject to the patient’s insight and subjective judgment, which is often absent in the context of diseases associated with dementia. There is still a need to establish specific depression diagnostic criteria for the different entities that present with dementia, such as AD or PD, because diverse symptoms could develop at different stages of the disease. Therefore, scales likely tend to underestimate the severity of depression. If a caregiver is involved in the completion of the scales for the patient, then the information may not be reliable.



The fact that the prevalence of depression and anxiety among neurology patients is very high suggests shared pathophysiological processes. The etiology of depression in neurological diseases is likely multifactorial and has been attributed to various mechanisms including altered signaling of neurotransmitters, changes in brain structure, inflammation, disrupted neurotrophic factors, and psychosocial agents [5]. A recent study showed that there is a shared genetic basis between AD and depression [20]. In some neurological disorders, such as AD, epilepsy, and stroke, the evidence indicates that there is a bidirectional relationship between these two conditions [5,21]. Thus, depression must be considered a risk factor for certain neurological disorders, and vice versa. However, past episodes of depression or pre-existing depression are associated with an increased risk of depression in patients with vascular dementia, AD, PD, and stroke [22,23,24,25,26]. There is a relationship between the degree of cognitive decline and depressive symptoms over time, suggesting a strong interconnection between depression and degenerative dementias [27,28,29]. However, the exact nature of the relationship between depression and dementia is still a matter of debate [30]. Additionally, in patients with PD other identified risk factors of depression include female sex, early-onset PD, “atypical” parkinsonism, and the presence of psychiatric comorbidities such as psychosis, anxiety, and apathy [25]. For patients with stroke, major predictors of depression are disability, prior cognitive impairment, stroke severity, and anxiety [22,31].



Social interactions can be interrupted in patients with neurological disorders as a result of the progression of their disease, leading to social isolation and an increased risk of depression. Depression risk is further increased if the neurological disorder limits the ability of the individual to communicate suicidal thoughts and depressive symptoms, either because of progressive impairment in cognitive abilities or physical problems (e.g., aphasia). For example, numerous recent studies have found an association between hearing loss, depression and cognitive decline [32]. In this context, the COVID-19 pandemic increased isolation and worsened previous neurologic and mood disorders in many patients, and also both neurologic and mood disorders have increased in post-COVID-19 patients [33,34]. The pandemic has had a negative impact on various populations of patients with neurologic disorders [35]. A recent study of patients in Taiwan showed that the COVID-19 pandemic increased symptoms of anxiety and depression among post-acute patients with stroke [36]. However, other studies have shown that anxiety, but not post-stroke depression (PSD), had increased during the pandemic [37,38].




3. Overview of Depression in Alzheimer’s Disease


Neuropsychiatric symptoms affect nearly all patients with AD. Specifically for depression, a recent meta-analysis showed that its prevalence in patients with mild cognitive impairment was 25% if derived from community-based samples, and 40% from clinic-based samples [39]. A meta-analysis of the prevalence of major depressive disorders among older adults with dementia of different origins (all-cause dementia), found that its prevalence in patients with AD was 14.8%, and higher (24.7%) in patients with vascular dementia [40]. In addition to AD, depression is also highly prevalent in other dementias, such as Lewy body dementia [41], frontotemporal dementia [42], and Huntington disease [43,44]. If studied attending to the dementia stage, a recent meta-analysis showed that, despite a lack of consensus on the best diagnostic strategy, the progression of AD is associated with more severe apathy and less severe depression and anxiety. Nonetheless, the high prevalence of affective symptoms across dementia stages indicates that affective disorders may interact with each other and interfere with well-being from the earliest stages of the disease [45].



The National Institute of Mental Health (NIMH) criteria of 2002 have been the standard for the diagnosis of depression in AD [46]. The NIMH criteria are simple and based on the presence of three or more symptoms during the same 2-week period and represent a change from previous functioning. At least one of the symptoms must either be (1) depressed mood or (2) decreased positive affect or pleasure [46]. Recently, a validation of these criteria was published, with recommendations for improvements in some aspects. In particular, there is a need for future studies examining the neurobiological substrates of depression diagnosed using the NIMH criteria, and how to measure depression severity to facilitate treatment selection. More studies are required to improve the quality of the evidence that substantiates the items included in the criteria. [47].



As with all neurological diseases, a structured clinical interview is essential during the diagnosis of depression in AD. This can be helped by published instruments and scales specific to patients with AD, but their true validity remains uncertain [8]. Recently, the Eight-item Informant Interview to Differentiate Aging and Dementia (AD8®) was found to have high sensitivity in the identification of adults who may benefit from further specialist assessment, in a variety of settings [48]. The Cornell Scale for Diagnosis of Dementia (CSDD) has been recommended in a recent consensus document as useful for screening patients in everyday practice and to detect and assess the severity of depressive symptoms in older dementia patients [49]. Some differences in the manifestations of depression in vascular dementia, PD, or dementia with Lewy bodies have been described [50]. For example, a study showed that pervasive anhedonia had the greatest value for the differential diagnosis of depression between dementia with Lewy bodies and AD [41]. A recent consensus document concluded that depression in early AD could be characterized by somatic symptoms which could be differentiated from apathy by the presence of sadness, depressive thoughts and early-morning awakening. In later phases of AD, symptoms of depression would include sleep-wake cycle reversal, aggressive behavior, and agitation [49].



Based on the available literature, a two-step approach may be considered. First, the initial diagnosis should be based on a structured interview following the different symptoms listed in the Diagnostic Criteria for Depression of Alzheimer’s Disease [46]. In this first step, the use of the AD8® is useful to help discriminate between signs of normal aging and mild dementia. As a second step, and to quantify and monitor the evolution and response of depressive symptoms to interventional therapies, more specific scales that exclude somatic symptoms (CSDD, Geriatric Depression Scale) should be administered.




4. Overview of Depression in Parkinson’s Disease


Neuropsychiatric symptoms are common, diverse, and an integral part of PD in its earliest stages, even before the onset of dementia [51]. Since PD is very often accompanied by clinically significant depression, psychosis, and other complications such as impulse control disorders, anxiety, sleep disorders, and apathy, it has been proposed that PD should be classified as a neuropsychiatric disorder [9,52]. Depression can significantly impact the prognosis, caregiver burden, quality of life of the patient and disease course of PD [25]. In fact, these neuropsychiatric symptoms usually account for more disability, worse quality of life, poorer outcomes (including morbidity and mortality), and greater caregiver burden, than the motor symptoms characteristic of PD. Depressive symptoms are an integral part of PD, but they can develop, especially in the initial stages of the disease, as reactive comorbidity caused by sustained stress. In clinical practice, however, this distinction is not relevant to guide therapy, since the use of pharmacological and non-pharmacological therapies is based on the severity of depressive symptoms.



A systematic review analyzing the onset of neuropsychiatric symptoms in PD patients found that affective disorders, of which depression is predominant, typically predate the onset of the characteristic motor symptoms by an average of 4–6 years [53]. Conversely, depressive symptoms in patients with PD can be a predictor of cognitive decline [54] and of impulse control disorders [55,56]. However, it is commonly accepted that affective disorders, such as depression in PD are under-recognized and undertreated [9,57], possibly because some symptoms of depression may be attributed to PD. A systematic review found that clinically significant depressive symptoms could be present in up to 35% of PD patients, with major depressive disorder (MDD) affecting 17% of PD patients, minor depression 22%, and dysthymia 13% [58]. However, another study found symptoms of depression in 70% of PD patients without dementia, anxiety in 69%, and apathy in 48% [51]. Additionally, these neuropsychiatric symptoms, which are associated with longer duration and higher severity of the disease, could be exhibited predominantly in different clusters of patients [51]. Depressive symptoms often correlate with anxiety disorders, cognitive impairment, and psychosis [59].



The symptoms of depression in patients with PD often include apathy, psychomotor retardation, memory impairment, pessimism, irrationality, and suicidal ideation without suicidal behavior [60,61]. A study of depression symptoms in patients with PD found that negative emotions, apathy, and anhedonia were uniquely correlated with depression in these patients [62]. However, these symptoms could be present in distinct populations of PD patients and could be associated with different degrees of motor impairment [63]. This suggests the need to use appropriate scales for each component during diagnosis. It has been suggested that the clinical differentiation of apathy from the emotional symptoms of depression is especially important in PD, as it can guide treatment approaches [64,65]. Other studies indicate that in PD there is a major overlap of apathy with depression and anxiety [66]. The detection of apathy as a consequence of dysfunction of the nucleus Accumbens, anterior cingulate cortex, and functionally related limbic areas produces a state of reduced emotional resonance and anticipatory anhedonia that can be easily confused with depression. Isolated apathy does not respond well to antidepressants, but can be better treated with dopamine agonists or methylphenidate [64]. In addition, isolated apathy not related to depressive symptoms may herald cognitive decline and dementia [67].



Several rating scales have been proposed to evaluate depression in PD [15,68]. The Geriatric Depression Scale (GDS-15) can help in the diagnosis of depression [57]. In a critical review of depression rating scales in PD, the clinician-rated and widely used Hamilton Depression Rating Scale (HAMD-17), and the self-report GDS-15 were recommended for screening and measuring the severity of depression in PD [68]. Again, the GDS-15 may be a preferred choice due to its brevity and ease of use design for older adults, but the authors considered other scales as valid and reliable instruments to use in PD, including self-rated scales such as the Hospital Anxiety and Depression Scale (HADS-D), the Hamilton Depression Inventory (HDI), the Beck Depression Inventory (BDI), and also the observer-report Montgomery-Åsberg Depression Rating Scale (MADRS). It is worth noting that the MADRS, GDS-15, and HADS-D are scales in which the somatic symptoms of PD that may overlap with depressive symptoms are less present, which may facilitate an accurate diagnosis of depression in PD patients with associated non-motor symptoms [69].



As for AD, the diagnosis of PD is also based on a two-step approach. First, DSM criteria for depression may guide the detection of depressive symptoms by following a structured interview, and then the use of more specific depression scales that avoid somatic symptoms, such as the GDS-15, HADS-D and MADRS, help to quantify the severity of symptoms.



Since depressive symptoms are an important contributor to disability, poor quality of life, and mortality, the decision to initiate therapy must be taken early in the progression of the disease [4].




5. Overview of Depression in Stroke


As is the case in AD or PD, depression is the most frequent affective disorder after a stroke and has a major impact on post-stroke rehabilitation, quality of life, mortality, and disability [22,70]. Systematic reviews have shown that PSD can occur in approximately 1 in 3 patients with a stroke [71,72]. This prevalence remains stable up to 10 years after the stroke [22].



The etiology of PSD is complex and largely unknown. Multiple factors and mechanisms (biological and psychological) could contribute to PSD [73]. Early hypotheses on the etiology of PSD pointed to pre-existing micro- or macrovascular cerebral lesions as the underlying cause of the disease in stroke patients [74]. In this view, some of these cardiovascular lesions could have been present before the stroke developed. However, among vascular risk factors, only hypertension can predict PSD, while other factors, such as diabetes, hyperlipidemia, obesity, and smoking, were not independent predictors of PSD [75]. Alternative hypotheses supported by more recent studies points to changes in neurotransmitter balances, inflammatory processes, neural network disfunctions, the roles of homocysteine or vitamin D, or social psychological aspects [73,76,77,78]. To date, no definite association between lesion location and PSD has been found [79,80]. Some studies have pointed to frontal cortical and subcortical structures playing a role in PSD, but more studies are needed [78].



There are no clearly defined specific symptoms of depression in patients with a stroke. Research suggests that the evaluation of depression in the acute phase of stroke is critical [70]. Affective symptoms described in PSD include decreased emotional reactivity, anhedonia, and social withdrawal. Somatic symptoms include fatigue, constipation, anorexia, sleep–wake rhythm disorders, and decreased libido, while cognitive complaints are accompanied by difficulty concentrating, feelings of hopelessness, guilt, and worthlessness and hallucinations [81]. Patients with early PSD have more somatic symptoms, whereas patients with late PSD have more psychological symptoms. A study of patients with first-ever ischemic strokes found that patients often reported crying and sadness, rather than apathy, upon admission into the stroke unit. In these patients crying soon after the stroke, age < 68 years, and severe disability were predictors of PSD within the first year of the stroke [82]. There are overlapping symptoms of PSD and strokes, which makes diagnosis more challenging and could lead to overdiagnosis. However, the presence of some stroke symptoms, such as aphasia or agnosia, and cognitive impairment, may not allow the correct evaluation of PSD and lead to underdiagnosis.



Prevention of PSD should be focused on the identification of high-risk patients for PSD, and consider possible adverse events associated with SSRI therapy, such as bone fractures (RR 2.28) and nausea (RR 2.05) [83]. The complexity of PSD mechanisms makes its prevention and treatment challenging. Depression after stroke requires close clinical follow-up, especially those patients at the highest risk, and treatments should engage all the healthcare professionals involved in the treatment of stroke patients [84].



An efficient way to detect PSD is the subsequent administration of the 9-Item and 2-Item Patient Health Questionnaire (PHQ-9, PHQ-2) [16]. The use of PHQ aims to early detect PSD as an essential first step for optimizing both therapeutic management of depression, and recovery of post-stroke sequelae at multiple levels. A prospective study of 171 consecutive patients with stroke measured depression in the 6th to 8th weeks after stroke using the PHQ-9 and PHQ-2 and Composite International Diagnostic Interview. Screening of depression was best achieved with a PHQ-9 score ≥ 10 and a PHQ-2 ≥ 2. Interestingly, in the clinical setting, administering the PHQ-9 only to patients who scored ≥ 2 on the PHQ-2 improved the accuracy of screening depression [16].




6. Pharmacological Treatment of Depression in Major Neurodegenerative Diseases and Stroke


6.1. Common Therapeutic Approaches


A multidisciplinary approach is essential when treating depression in patients with neurological diseases. Integrated assistance considering the neurological, psychiatric, and psychological (cognitive, premorbid, social, and family) aspects of each patient is key to the success of managing depression in neurological diseases. Therapeutically, integrative strategies combining pharmacological strategies with personalized non-pharmacological interventions, such as educational, mental, and physical health support, are needed when neurological symptoms have also an important impact on daily functionality and quality of life.



In terms of evidence-based therapeutic approaches, there is still a need for well-designed randomized controlled trials to test the safety and efficacy of pharmacological as well as non-pharmacological and prevention programs. For many therapies, the available studies are highly heterogeneous in terms of inclusion/exclusion criteria for the patients (e.g., mixed minor and major depression populations), diagnostic techniques (e.g., clinical, scales), methodology (e.g., statistical methods), sample size, and the time of diagnosis of depression with respect to the neurological disease. A large placebo effect has been observed in many randomized studies of antidepressants in PD [85,86]. This heterogeneity often prevents drawing robust or general conclusions.



For the treatment of MDD, pharmacological treatment is central, but there are no specific guidelines for the election of the antidepressant to use in specific neurological diseases (AD, PD, PSD). The relative efficacy and acceptability of common antidepressants used in clinical practice were recently reviewed in a meta-analysis [87].




6.2. Use of SSRIs, SNRIs, and Multimodal Antidepressant Drugs


SSRIs and SNRIs have been used for many years in the treatment of depression and remain the first line of treatment for depression secondary to neurologic conditions [8,57,88]. Their use is preferred over other agents due to their relatively favorable safety profile and ease of administration. However, the use of pure SSRIs has been associated with the presence of apathy [89] and emotional blunting in diseases where there is an additional deficiency of other neurotransmitters such as noradrenaline or dopamine [90,91]. In those situations, such as in PD, and in elderly populations, the use of SNRIs has been seen to significantly reduce the severity or residual apathetic symptoms (100).



Despite some studies claiming that the use of SSRI for depression in AD has no clear significant effects [92], the limited evidence for supporting the generalized use of antidepressants in dementia [93] is highly attributable to methodological issues and the few randomized clinical trials performed to date, which limits the clear conclusions of their potential role [94]. Considering all these limitations, placebo-controlled studies in recent years have evidenced the efficacy of escitalopram and sertraline for improving depression in AD, as measured by the Hamilton Depression Rating Scale and the Geriatric Depression Scale. Mirtazapine, an antagonist of serotonin receptors and peripheral adrenergic receptors, used at doses up to 45 mg/day, has also shown efficacy in treating symptoms of depression in AD based on network meta-analysis [95,96,97].



More data are available on the usefulness of antidepressants for associated neuropsychiatric symptoms. The use of SSRIs and non-SSRIs has been seen to improve psychomotor agitation when depressive symptoms ameliorate, with the subsequent additional improvement of the burden of care and cognitive function [98]. In addition, different clinical consensus reflecting the use of antidepressants in the real world support SSRIs as a first choice for the pharmacological treatment of depression in patients with dementia [8,49].



In PD, SSRIs and SNRIs are also considered first-line pharmacological treatment, although the evidence of efficacy is also weak [86,99,100,101]. A study found that SSRIs were associated with greater apathy in patients with PD, while the use of SNRIs was associated with less apathy [102]. In recent randomized controlled trials, citalopram and venlafaxine have proven efficacy in PD depression, as well as tricyclic antidepressants (TCA), especially nortryptiline (10–50 mg/day), whereas the evidence for paroxetine is conflicting. Published meta-analyses of antidepressants in PD have found a higher efficacy for nortryptiline and desipramine over SSRIs and SNRIs. However, TCAs need to be used cautiously in PD considering their anticholinergic effects and potential cardiotoxicity and should be avoided in patients with cardiac problems and orthostatic hypotension. In PD patients with dementia, TCA may produce confusion and delirium [9,86,101,103].



In patients with stroke, SSRIs are also usually first choice, as their use is associated with a significant reduction in depression severity [83,104,105]. Even if SSRIs are the first choice, their use has been associated potentially with the increased risk of intracerebral hemorrhage and the increased risk of bone fracture [83,84,88,105,106]. Over the past 30 years, randomized controlled trials and metanalyses have shown nortriptyline, fluoxetine, citalopram, sertraline, and trazodone to significantly improve post-stroke depression. SSRIs, as in other conditions, have a better efficacy-safety profile than tricyclic antidepressants [107,108].



There is an urgent need, however, for the development and adequate testing of new pharmacotherapies for patients with neurological diseases. In these conditions, the antidepressant of choice would be expected to preserve or even improve cognitive functions, and to have an additional impact on functionally impacting symptoms such as sleep, mobility, and fatigue [109].



In the past decade, pharmacological research has focused on the development of new agents for the treatment of not only depressive symptoms, but also cognitive and functional ones, leading to the development of multimodal antidepressants. Vortioxetine is a recently developed antidepressant with a new mechanism of action that combines inhibition of the serotonin (5-HT) transporter and a strong affinity for several 5-HT receptors [110,111,112,113]. Vortioxetine acts as an antagonist of the serotonin 5-HT3, 5-HT1D, and 5-HT7 receptors, as a partial agonist at 5-HT1B receptors, and as a full agonist of 5-HT1A receptors [111]. The result of these effects is the enhancement of serotonin, noradrenalin, dopamine, acetylcholine, and histamine levels in specific areas of the brain [114]. On the basis of a series of large clinical trials [115], vortioxetine was approved in 2013 by the US Food and Drugs Administration for the treatment of MDD [116] and by the European Medicines Agency for the treatment of major depressive episodes [117]. Current guidelines include vortioxetine among first-line treatments for MDD in some countries [118]. In a meta-analysis (17 studies, N = 3653) reviewing the cognitive effects of antidepressants based on neuropsychological tests, vortioxetine had the largest effects on processing speed, executive control, and cognitive control [119,120,121,122]. In a very recent study vortioxetine effectively improved emotional blunting, overall functioning, motivation and energy, cognitive performance, and depressive symptoms in patients with MDD with partial response to SSRI/SNRI therapy and emotional blunting [123]. Another recent randomized clinical trial comparing vortioxetine with other common antidepressants (escitalopram, paroxetine, bupropion, venlafaxine, and sertraline) found that vortioxetine improved cognition (executive functions, selective and sustained attention, short-term memory, recall and nonverbal reasoning ability) and mood in elderly AD patients with depressive symptoms, compared with all the other antidepressants, and was safe and well tolerated [124]. There is also recent evidence in the form of case reports and case series for the efficacy of vortioxetine specifically for the treatment of depressive episodes associated with PD [125,126,127]. In these studies, some of the symptoms characteristic of PD, such as apathy, cognitive function and sleep disturbances, responded well to vortioxetine, both as first-line and after other SSRIs, and no severe side effects were observed. Similarly, vortioxetine might play an important role in the treatment of depression in stroke survivors, because of its effects in improving cognition on one hand, and because of the lack of interaction on aspirin or warfarin pharmacokinetics or pharmacodynamics and no influence on cardiac parameters [7,128]. However, reported studies are very small, and available data are preliminary, so it must be underlined that more research is needed before the role of vortioxetine in improving depression and neurological comorbidities can be established.



Although vortioxetine, duloxetine, and psychostimulants have evidence of independent, direct, and robust effects on cognitive function in major depression, vortioxetine is the only agent that demonstrated efficacy across multiple cognitive domains associated with functional recovery [10]. Vortioxetine is safe and generally well tolerated in both short- and long-term treatment in MDD patients. Some of the tolerability issues seen with other antidepressants, including sexual dysfunction, insomnia-related events, weight gain and discontinuation symptoms occur with a low incidence, which may represent an advantage for vortioxetine during the long-term treatment which is recommended for patients with MDD [129].





7. Non-Pharmacological Treatment of Depression in Major Neurodegenerative Diseases and Stroke


Because of the effects of some drugs on the progression of neurologic disorders, often non-pharmacological interventions are favored in the treatment of depression in these patients. For example, physical activity and aerobic exercise may be effective in the management of neuropsychiatric symptoms in AD patients [130]. Dance-based interventions have been shown to be beneficial to alleviate depression among persons with mild cognitive impairment and dementia [131].



Cognitive behavioral therapy (CBT) can be efficacious in patients with PD and mild depression, improve diverse profiles of depressive symptoms, and could be used preferentially in those patients who do not wish to take antidepressants or when pharmacological treatment is not helping [132,133]. Two systematic reviews and meta-analyses concluded that CBT is effective for the management of anxiety and depression in patients with PD, and strongly recommended it [134,135].



Other therapies to consider in the treatment of depression in patients with PD are repetitive transcranial magnetic stimulation and electroconvulsive therapy, especially for those with treatment-resistant depression, although the evidence for the efficacy of these treatments is still limited [86].



In Table 1, we are summarizing the different studies showing the efficacy of pharmacological and non-pharmacological therapies in depression associated with AD, PD, and stroke.




8. Conclusions


Depression is a frequent affective disorder across neurological disorders, and is often a determinant of the burden of the disease, quality of life, and mortality. Although in the treatment of depression, a multidisciplinary approach is optimal, the neurologist should recognize symptoms, carry on a diagnosis, and start therapy as early as possible. There should be an increased awareness of lesser-known symptoms of depression, such as cognitive decline, which should be evaluated as well. The incidence of suicide is especially high among patients with neurological disorders.



Novel treatments are emerging for the treatment of depression in the context of neurological disorders. Although the efficacy of antidepressants is well consolidated for major depressive disorder, evidence for their role in milder forms of depression often associated with AD, PD, or strokes is weaker. In this regard, it is essential that randomized clinical trials are designed with well-defined criteria and standardized outcome measures that are clinically meaningful for both patients and caregivers. Although pharmacological treatments will continue to be essential in cases of moderate and severe depression [87], non-pharmacologic interventions also deserve a central role in the care of these patients.







Author Contributions


Conceptualization, J.P.; methodology, J.P., C.Á., M.C., S.D. and S.M.; software, J.P.; validation, J.P., C.Á., M.C., S.D. and S.M.; formal analysis, J.P.; investigation, J.P., C.Á., M.C., S.D. and S.M.; resources, J.P.; data curation, J.P., C.Á., M.C., S.D. and S.M.; writing—original draft preparation, J.P., C.Á., M.C., S.D. and S.M.; writing—review and editing, J.P.; visualization, J.P.; supervision, J.P., C.Á., M.C., S.D. and S.M.; project administration, J.P.; funding acquisition, J.P. All authors have read and agreed to the published version of the manuscript.




Funding


This work was funded by Lundbeck España S.A.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Data in this review come from all the articles included in References, which can be found in PubMed Central® (PMC), a free full-text archive of biomedical and life sciences journal literature.




Acknowledgments


Medical writing support was provided by Francisco López de Saro.




Conflicts of Interest


Javier Pagonabarraga has served on advisory/speaker boards and received honoraria from UCB, Zambon, AbbVie, Allergan, Lundbeck, Ipsen and Bial. Cecilio Álamo has received fees as a speaker from Lundbeck, Otsuka, Janssen, Takeda, Servier, Rovi, Rubió and Aristos. Mar Castellanos has received speaker honoraria and/or for provided consultancy on advisory board meetings from Lunbeck, Pfizer-Bristol Myers Squibb, Daichii-Sankyo, Boehringer-Ingelheim, Ferrer International S.A., Amgen, Novartis, Alexion, Ipsen and NovexPharma. Samuel Díaz has received honoraria for conferences or advisory boards from Abbvie Allergan, Chiesi, Fundació Universitat-Empresa, Lilly, Lundbeck, MSD Organon, Novartis and Teva Pharmaceuticals. Sagrario Manzano declares no conflicts of interest.




References


	



Nichols, E.; Szoeke, C.E.I.; Vollset, S.E.; Abbasi, N.; Abd-Allah, F.; Abdela, J.; Aichour, M.T.E.; Akinyemi, R.O.; Alahdab, F.; Asgedom, S.W.; et al. Global, Regional, and National Burden of Alzheimer’s Disease and Other Dementias, 1990–2016: A Systematic Analysis for the Global Burden of Disease Study 2016. Lancet Neurol. 2019, 18, 88–106. [Google Scholar] [CrossRef] [PubMed]

	



Deuschl, G.; Beghi, E.; Fazekas, F.; Varga, T.; Christoforidi, K.A.; Sipido, E.; Bassetti, C.L.; Vos, T.; Feigin, V.L. The Burden of Neurological Diseases in Europe: An Analysis for the Global Burden of Disease Study 2017. Lancet Public Health 2020, 5, e551–e567. [Google Scholar] [CrossRef] [PubMed]

	



Rickards, H. Depression in Neurological Disorders: Parkinson’s Disease, Multiple Sclerosis, and Stroke. J. Neurol. Neurosurg. Psychiatry 2005, 76 (Suppl. S1), i48–i52. [Google Scholar] [CrossRef] [PubMed]

	



Ravina, B.; Camicioli, R.; Como, P.G.; Marsh, L.; Jankovic, J.; Weintraub, D.; Elm, J. The Impact of Depressive Symptoms in Early Parkinson Disease. Neurology 2007, 69, 342–347. [Google Scholar] [CrossRef] [PubMed]

	



Hesdorffer, D.C. Comorbidity between Neurological Illness and Psychiatric Disorders. CNS Spectr. 2016, 21, 230–238. [Google Scholar] [CrossRef]

	



Tetsuka, S. Depression and Dementia in Older Adults: A Neuropsychological Review. Aging Dis. 2021, 12, 1920–1934. [Google Scholar] [CrossRef]

	



Paolucci, S. Advances in Antidepressants for Treating Post-Stroke Depression. Expert Opin. Pharmacother. 2017, 18, 1011–1017. [Google Scholar] [CrossRef]

	



Burke, A.D.; Goldfarb, D.; Bollam, P.; Khokher, S. Diagnosing and Treating Depression in Patients with Alzheimer’s Disease. Neurol. Ther. 2019, 8, 325–350. [Google Scholar] [CrossRef]

	



Weintraub, D. Management of Psychiatric Disorders in Parkinson’s Disease: Neurotherapeutics—Movement Disorders Therapeutics. Neurotherapeutics 2020, 17, 1511–1524. [Google Scholar] [CrossRef]

	



McIntyre, R.S.; Lee, Y.; Mansur, R.B. Treating to Target in Major Depressive Disorder: Response to Remission to Functional Recovery. CNS Spectr. 2015, 20 (Suppl. S1), 20–30, quiz 31. [Google Scholar] [CrossRef]

	



Fiorillo, A.; Carpiniello, B.; De Giorgi, S.; La Pia, S.; Maina, G.; Sampogna, G.; Spina, E.; Tortorella, A.; Vita, A. Assessment and Management of Cognitive and Psychosocial Dysfunctions in Patients with Major Depressive Disorder: A Clinical Review. Front. Psychiatry 2018, 9, 493. [Google Scholar] [CrossRef]

	



Madsen, T.; Erlangsen, A.; Orlovska, S.; Mofaddy, R.; Nordentoft, M.; Benros, M.E. Association between Traumatic Brain Injury and Risk of Suicide. JAMA 2018, 320, 580. [Google Scholar] [CrossRef]

	



Alejos, M.; Vázquez-Bourgon, J.; Santurtún, M.; Riancho, J.; Santurtún, A. Do Patients Diagnosed with a Neurological Disease Present Increased Risk of Suicide? Neurologia 2020, 38, 42–48. [Google Scholar] [CrossRef]

	



Erlangsen, A.; Stenager, E.; Conwell, Y.; Andersen, P.K.; Hawton, K.; Benros, M.E.; Nordentoft, M.; Stenager, E. Association between Neurological Disorders and Death by Suicide in Denmark. JAMA 2020, 323, 444–454. [Google Scholar] [CrossRef]

	



Schrag, A.; Barone, P.; Brown, R.G.; Leentjens, A.F.G.; McDonald, W.M.; Starkstein, S.; Weintraub, D.; Poewe, W.; Rascol, O.; Sampaio, C.; et al. Depression Rating Scales in Parkinson’s Disease: Critique and Recommendations. Mov. Disord. 2007, 22, 1077–1092. [Google Scholar] [CrossRef]

	



de Man-van Ginkel, J.M.; Hafsteinsdóttir, T.; Lindeman, E.; Burger, H.; Grobbee, D.; Schuurmans, M. An Efficient Way to Detect Poststroke Depression by Subsequent Administration of a 9-Item and a 2-Item Patient Health Questionnaire. Stroke 2012, 43, 854–856. [Google Scholar] [CrossRef]

	



Dajpratham, P.; Pukrittayakamee, P.; Atsariyasing, W.; Wannarit, K.; Boonhong, J.; Pongpirul, K. The Validity and Reliability of the PHQ-9 in Screening for Post-Stroke Depression. BMC Psychiatry 2020, 20, 291. [Google Scholar] [CrossRef]

	



Williams, K.G.; Sanderson, M.; Jette, N.; Patten, S.B. Validity of the Patient Health Questionnaire-9 in Neurologic Populations. Neurol. Clin. Pract. 2020, 10, 190–198. [Google Scholar] [CrossRef]

	



Trotter, T.L.; Denny, D.L.; Evanson, T.A. Reliability and Validity of the Patient Health Questionnaire-9 as a Screening Tool for Poststroke Depression. J. Neurosci. Nurs. 2019, 51, 147–152. [Google Scholar] [CrossRef]

	



Monereo-Sánchez, J.; Schram, M.T.; Frei, O.; O’Connell, K.; Shadrin, A.A.; Smeland, O.B.; Westlye, L.T.; Andreassen, O.A.; Kaufmann, T.; Linden, D.E.J.; et al. Genetic Overlap between Alzheimer’s Disease and Depression Mapped onto the Brain. Front. Neurosci. 2021, 15, 653130. [Google Scholar] [CrossRef]

	



Benedetti, F.; Bernasconi, A.; Pontiggia, A. Depression and Neurological Disorders. Curr. Opin. Psychiatry 2006, 19, 14–18. [Google Scholar] [CrossRef] [PubMed]

	



Ayerbe, L.; Ayis, S.; Wolfe, C.D.A.; Rudd, A.G. Natural History, Predictors and Outcomes of Depression after Stroke: Systematic Review and Meta-Analysis. Br. J. Psychiatry 2013, 202, 14–21. [Google Scholar] [CrossRef] [PubMed]

	



Diniz, B.S.; Butters, M.A.; Albert, S.M.; Dew, M.A.; Reynolds, C.F. 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, 329–335. [Google Scholar] [CrossRef] [PubMed]

	



Livingston, G.; Sommerlad, A.; Orgeta, V.; Costafreda, S.G.; Huntley, J.; Ames, D.; Ballard, C.; Banerjee, S.; Burns, A.; Cohen-Mansfield, J.; et al. Dementia Prevention, Intervention, and Care. Lancet 2017, 390, 2673–2734. [Google Scholar] [CrossRef] [PubMed]

	



Weintraub, D.; Mamikonyan, E. The Neuropsychiatry of Parkinson Disease: A Perfect Storm. Am. J. Geriatr. Psychiatry 2019, 27, 998–1018. [Google Scholar] [CrossRef]

	



Cantón-Habas, V.; Rich-Ruiz, M.; Romero-Saldaña, M.; Carrera-González, M.D.P. Depression as a Risk Factor for Dementia and Alzheimer’s Disease. Biomedicines 2020, 8, 457. [Google Scholar] [CrossRef]

	



Van der Mussele, S.; Fransen, E.; Struyfs, H.; Luyckx, J.; Mariën, P.; Saerens, J.; Somers, N.; Goeman, J.; De Deyn, P.P.; Engelborghs, S. Depression in Mild Cognitive Impairment Is Associated with Progression to Alzheimer’s Disease: A Longitudinal Study. J. Alzheimer. Dis. 2014, 42, 1239–1250. [Google Scholar] [CrossRef]

	



Helvik, A.-S.; Barca, M.L.; Bergh, S.; Šaltytė-Benth, J.; Kirkevold, Ø.; Borza, T. The Course of Depressive Symptoms with Decline in Cognitive Function—A Longitudinal Study of Older Adults Receiving In-Home Care at Baseline. BMC Geriatr. 2019, 19, 231. [Google Scholar] [CrossRef]

	



Sáiz-Vázquez, O.; Gracia-García, P.; Ubillos-Landa, S.; Puente-Martínez, A.; Casado-Yusta, S.; Olaya, B.; Santabárbara, J. Depression as a Risk Factor for Alzheimer’s Disease: A Systematic Review of Longitudinal Meta-Analyses. J. Clin. Med. 2021, 10, 1809. [Google Scholar] [CrossRef]

	



Wiels, W.; Baeken, C.; Engelborghs, S. Depressive Symptoms in the Elderly-An Early Symptom of Dementia? A Systematic Review. Front. Pharmacol. 2020, 11, 34. [Google Scholar] [CrossRef]

	



Rabi-Žikić, T.; Živanović, Ž.; Đajić, V.; Simić, S.; Ružička-Kaloci, S.; Slankamenac, S.; Žikić, M. Predictors of Early-Onset Depression after First-Ever Stroke. Acta Clin. Croat. 2020, 59, 81–90. [Google Scholar] [CrossRef]

	



Rong, H.; Lai, X.; Jing, R.; Wang, X.; Fang, H.; Mahmoudi, E. Association of Sensory Impairments with Cognitive Decline and Depression among Older Adults in China. JAMA Netw. Open 2020, 3, e2014186. [Google Scholar] [CrossRef]

	



Cagnin, A.; Di Lorenzo, R.; Marra, C.; Bonanni, L.; Cupidi, C.; Laganà, V.; Rubino, E.; Vacca, A.; Provero, P.; Isella, V.; et al. Behavioral and Psychological Effects of Coronavirus Disease-19 Quarantine in Patients with Dementia. Front. Psychiatry 2020, 11, 578015. [Google Scholar] [CrossRef]

	



Taquet, M.; Luciano, S.; Geddes, J.R.; Harrison, P.J. Bidirectional Associations between COVID-19 and Psychiatric Disorder: Retrospective Cohort Studies of 62 354 COVID-19 Cases in the USA. Lancet Psychiatry 2021, 8, 130–140. [Google Scholar] [CrossRef]

	



Iodice, F.; Cassano, V.; Rossini, P.M. Direct and Indirect Neurological, Cognitive, and Behavioral Effects of COVID-19 on the Healthy Elderly, Mild-Cognitive-Impairment, and Alzheimer’s Disease Populations. Neurol. Sci. 2021, 42, 455–465. [Google Scholar] [CrossRef]

	



Chou, H.-Y.; Lo, Y.-C.; Tsai, Y.-W.; Shih, C.-L.; Yeh, C.-T. Increased Anxiety and Depression Symptoms in Post-Acute Care Patients with Stroke during the COVID-19 Pandemic. Int. J. Environ. Res. Public Health 2021, 19, 162. [Google Scholar] [CrossRef]

	



Ahmed, Z.M.; Khalil, M.F.; Kohail, A.M.; Eldesouky, I.F.; Elkady, A.; Shuaib, A. The Prevalence and Predictors of Post-Stroke Depression and Anxiety During COVID-19 Pandemic. J. Stroke Cerebrovasc. Dis. 2020, 29, 105315. [Google Scholar] [CrossRef]

	



Yao, M.; Li, H.; Luo, Y.; Li, L.; Yu, J. High Prevalence of Post-Stroke Anxiety in Elderly Patients following COVID-19 Outbreak. Front. Psychiatry 2021, 12, 699869. [Google Scholar] [CrossRef]

	



Ismail, Z.; Elbayoumi, H.; Fischer, C.E.; Hogan, D.B.; Millikin, C.P.; Schweizer, T.; Mortby, M.E.; Smith, E.E.; Patten, S.B.; Fiest, K.M. Prevalence of Depression in Patients with Mild Cognitive Impairment: A Systematic Review and Meta-Analysis. JAMA Psychiatry 2017, 74, 58. [Google Scholar] [CrossRef]

	



Asmer, M.S.; Kirkham, J.; Newton, H.; Ismail, Z.; Elbayoumi, H.; Leung, R.H.; Seitz, D.P. Meta-Analysis of the Prevalence of Major Depressive Disorder among Older Adults with Dementia. J. Clin. Psychiatry 2018, 79, 17r11772. [Google Scholar] [CrossRef]

	



Chiu, P.-Y.; Wang, C.-W.; Tsai, C.-T.; Li, S.-H.; Lin, C.-L.; Lai, T.-J. Depression in Dementia with Lewy Bodies: A Comparison with Alzheimer’s Disease. PLoS ONE 2017, 12, e0179399. [Google Scholar] [CrossRef] [PubMed]

	



Chakrabarty, T.; Sepehry, A.A.; Jacova, C.; Hsiung, G.-Y.R. The Prevalence of Depressive Symptoms in Frontotemporal Dementia: A Meta-Analysis. Dement. Geriatr. Cogn. Disord. 2015, 39, 257–271. [Google Scholar] [CrossRef]

	



Epping, E.A.; Paulsen, J.S. Depression in the Early Stages of Huntington Disease. Neurodegener. Dis. Manag. 2011, 1, 407–414. [Google Scholar] [CrossRef] [PubMed]

	



Gubert, C.; Renoir, T.; Hannan, A.J. Why Woody Got the Blues: The Neurobiology of Depression in Huntington’s Disease. Neurobiol. Dis. 2020, 142, 104958. [Google Scholar] [CrossRef] [PubMed]

	



Leung, D.K.Y.; Chan, W.C.; Spector, A.; Wong, G.H.Y. Prevalence of Depression, Anxiety, and Apathy Symptoms across Dementia Stages: A Systematic Review and Meta-Analysis. Int. J. Geriatr. Psychiatry 2021, 36, 1330–1344. [Google Scholar] [CrossRef]

	



Olin, J.T.; Schneider, L.S.; Katz, I.R.; Meyers, B.S.; Alexopoulos, G.S.; Breitner, J.C.; Bruce, M.L.; Caine, E.D.; Cummings, J.L.; Devanand, D.P.; et al. Provisional Diagnostic Criteria for Depression of Alzheimer Disease. Am. J. Geriatr. Psychiatry 2002, 10, 125–128. [Google Scholar] [CrossRef]

	



Sepehry, A.A.; Lee, P.E.; Hsiung, G.-Y.R.; Beattie, B.L.; Feldman, H.H.; Jacova, C. The 2002 NIMH Provisional Diagnostic Criteria for Depression of Alzheimer’s Disease (PDC-DAD): Gauging Their Validity over a Decade Later. J. Alzheimer. Dis. 2017, 58, 449–462. [Google Scholar] [CrossRef]

	



Hendry, K.; Green, C.; McShane, R.; Noel-Storr, A.H.; Stott, D.J.; Anwer, S.; Sutton, A.J.; Burton, J.K.; Quinn, T.J. AD-8 for Detection of Dementia across a Variety of Healthcare Settings. Cochrane Database Syst. Rev. 2019, 3, CD011121. [Google Scholar] [CrossRef]

	



Agüera-Ortiz, L.; García-Ramos, R.; Grandas Pérez, F.J.; López-Álvarez, J.; Montes Rodríguez, J.M.; Olazarán Rodríguez, F.J.; Olivera Pueyo, J.; Pelegrin Valero, C.; Porta-Etessam, J. Depression in Alzheimer’s Disease: A Delphi Consensus on Etiology, Risk Factors, and Clinical Management. Front. Psychiatry 2021, 12, 638651. [Google Scholar] [CrossRef]

	



Park, J.H.; Lee, S.B.; Lee, T.J.; Lee, D.Y.; Jhoo, J.H.; Youn, J.C.; Choo, I.H.; Choi, E.A.; Jeong, J.W.; Choe, J.Y.; et al. Depression in Vascular Dementia Is Quantitatively and Qualitatively Different from Depression in Alzheimer’s Disease. Dement. Geriatr. Cogn. Disord. 2007, 23, 67–73. [Google Scholar] [CrossRef]

	



Kulisevsky, J.; Pagonabarraga, J.; Pascual-Sedano, B.; García-Sánchez, C.; Gironell, A.; Trapecio Group Study. Prevalence and Correlates of Neuropsychiatric Symptoms in Parkinson’s Disease without Dementia. Mov. Disord. 2008, 23, 1889–1896. [Google Scholar] [CrossRef]

	



Weintraub, D.; Burn, D.J. Parkinson’s Disease: The Quintessential Neuropsychiatric Disorder. Mov. Disord. 2011, 26, 1022–1031. [Google Scholar] [CrossRef]

	



Ishihara, L.; Brayne, C. A Systematic Review of Depression and Mental Illness Preceding Parkinson’s Disease. Acta Neurol. Scand. 2006, 113, 211–220. [Google Scholar] [CrossRef]

	



Jones, J.D.; Kurniadi, N.E.; Kuhn, T.P.; Szymkowicz, S.M.; Bunch, J.; Rahmani, E. Depressive Symptoms Precede Cognitive Impairment in De Novo Parkinson’s Disease Patients: Analysis of the PPMI Cohort. Neuropsychology 2019, 33, 1111–1120. [Google Scholar] [CrossRef]

	



Marín-Lahoz, J.; Sampedro, F.; Martinez-Horta, S.; Pagonabarraga, J.; Kulisevsky, J. Depression as a Risk Factor for Impulse Control Disorders in Parkinson Disease. Ann. Neurol. 2019, 86, 762–769. [Google Scholar] [CrossRef]

	



Cao, L.; Xu, T.; Zhao, G.; Lv, D.; Lu, J.; Zhao, G. Risk Factors of Impulsive-Compulsive Behaviors in PD Patients: A Meta-Analysis. J. Neurol. 2021, 269, 1298–1315. [Google Scholar] [CrossRef]

	



Agüera-Ortiz, L.; García-Ramos, R.; Grandas Pérez, F.J.; López-Álvarez, J.; Montes Rodríguez, J.M.; Olazarán Rodríguez, F.J.; Olivera Pueyo, J.; Pelegrín Valero, C.; Porta-Etessam, J. Focus on Depression in Parkinson’s Disease: A Delphi Consensus of Experts in Psychiatry, Neurology, and Geriatrics. Park. Dis. 2021, 2021, 6621991. [Google Scholar] [CrossRef]

	



Reijnders, J.S.A.M.; Ehrt, U.; Weber, W.E.J.; Aarsland, D.; Leentjens, A.F.G. A Systematic Review of Prevalence Studies of Depression in Parkinson’s Disease. Mov. Disord. 2008, 23, 183–189, quiz 313. [Google Scholar] [CrossRef]

	



Rojo, A.; Aguilar, M.; Garolera, M.T.; Cubo, E.; Navas, I.; Quintana, S. Depression in Parkinson’s Disease: Clinical Correlates and Outcome. Park. Relat. Disord. 2003, 10, 23–28. [Google Scholar] [CrossRef]

	



Slaughter, J.R.; Slaughter, K.A.; Nichols, D.; Holmes, S.E.; Martens, M.P. Prevalence, Clinical Manifestations, Etiology, and Treatment of Depression in Parkinson’s Disease. J. Neuropsychiatry Clin. Neurosci. 2001, 13, 187–196. [Google Scholar] [CrossRef]

	



Marsh, L. Depression and Parkinson’s Disease: Current Knowledge. Curr. Neurol. Neurosci. Rep. 2013, 13, 409. [Google Scholar] [CrossRef] [PubMed]

	



Zahodne, L.B.; Marsiske, M.; Okun, M.S.; Bowers, D. Components of Depression in Parkinson Disease. J. Geriatr. Psychiatry Neurol. 2012, 25, 131–137. [Google Scholar] [CrossRef] [PubMed]

	



Nagayama, H.; Maeda, T.; Uchiyama, T.; Hashimoto, M.; Nomoto, N.; Kano, O.; Takahashi, T.; Terashi, H.; Hamada, S.; Hasegawa, T.; et al. Anhedonia and Its Correlation with Clinical Aspects in Parkinson’s Disease. J. Neurol. Sci. 2017, 372, 403–407. [Google Scholar] [CrossRef] [PubMed]

	



Pagonabarraga, J.; Kulisevsky, J.; Strafella, A.P.; Krack, P. Apathy in Parkinson’s Disease: Clinical Features, Neural Substrates, Diagnosis, and Treatment. Lancet Neurol. 2015, 14, 518–531. [Google Scholar] [CrossRef] [PubMed]

	



Pagonabarraga, J.; Kulisevsky, J. Apathy in Parkinson’s Disease. Int. Rev. Neurobiol. 2017, 133, 657–678. [Google Scholar] [CrossRef]

	



Foley, J.A.; Cipolotti, L. Apathy in Parkinson’s Disease: A Retrospective Study of Its Prevalence and Relationship with Mood, Anxiety, and Cognitive Function. Front. Psychol. 2021, 12, 749624. [Google Scholar] [CrossRef]

	



Dujardin, K.; Sockeel, P.; Delliaux, M.; Destée, A.; Defebvre, L. Apathy May Herald Cognitive Decline and Dementia in Parkinson’s Disease. Mov. Disord. 2009, 24, 2391–2397. [Google Scholar] [CrossRef]

	



Torbey, E.; Pachana, N.A.; Dissanayaka, N.N.W. Depression Rating Scales in Parkinson’s Disease: A Critical Review Updating Recent Literature. J. Affect. Disord. 2015, 184, 216–224. [Google Scholar] [CrossRef]

	



Goodarzi, Z.; Mrklas, K.J.; Roberts, D.J.; Jette, N.; Pringsheim, T.; Holroyd-Leduc, J. Detecting Depression in Parkinson Disease: A Systematic Review and Meta-Analysis. Neurology 2016, 87, 426–437. [Google Scholar] [CrossRef]

	



Kim, E.-S.; Kim, J.-W.; Kang, H.-J.; Bae, K.-Y.; Kim, S.-W.; Kim, J.-T.; Park, M.-S.; Cho, K.-H.; Kim, J.-M. Longitudinal Impact of Depression on Quality of Life in Stroke Patients. Psychiatry Investig. 2018, 15, 141–146. [Google Scholar] [CrossRef]

	



Hackett, M.L.; Yapa, C.; Parag, V.; Anderson, C.S. Frequency of Depression after Stroke: A Systematic Review of Observational Studies. Stroke 2005, 36, 1330–1340. [Google Scholar] [CrossRef]

	



Hackett, M.L.; Pickles, K. Part I: Frequency of Depression after Stroke: An Updated Systematic Review and Meta-Analysis of Observational Studies. Int. J. Stroke 2014, 9, 1017–1025. [Google Scholar] [CrossRef]

	



Wang, Z.; Shi, Y.; Liu, F.; Jia, N.; Gao, J.; Pang, X.; Deng, F. Diversiform Etiologies for Post-Stroke Depression. Front. Psychiatry 2018, 9, 761. [Google Scholar] [CrossRef]

	



Dieguez, S.; Staub, F.; Bruggimann, L.; Bogousslavsky, J. Is Poststroke Depression a Vascular Depression? J. Neurol. Sci. 2004, 226, 53–58. [Google Scholar] [CrossRef]

	



Tennen, G.; Herrmann, N.; Black, S.E.; Levy, K.S.; Cappell, J.; Li, A.; Lanctôt, K.L. Are Vascular Risk Factors Associated with Post-Stroke Depressive Symptoms? J. Geriatr. Psychiatry Neurol. 2011, 24, 215–221. [Google Scholar] [CrossRef]

	



Spalletta, G.; Bossù, P.; Ciaramella, A.; Bria, P.; Caltagirone, C.; Robinson, R.G. The Etiology of Poststroke Depression: A Review of the Literature and a New Hypothesis Involving Inflammatory Cytokines. Mol. Psychiatry 2006, 11, 984–991. [Google Scholar] [CrossRef]

	



Zhang, P.; Wang, J.; Xu, Q.; Song, Z.; Dai, J.; Wang, J. Altered Functional Connectivity in Post-Ischemic Stroke Depression: A Resting-State Functional Magnetic Resonance Imaging Study. Eur. J. Radiol. 2018, 100, 156–165. [Google Scholar] [CrossRef]

	



Wijeratne, T.; Sales, C. Understanding Why Post-Stroke Depression May Be the Norm rather than the Exception: The Anatomical and Neuroinflammatory Correlates of Post-Stroke Depression. J. Clin. Med. 2021, 10, 1674. [Google Scholar] [CrossRef]

	



Wei, N.; Yong, W.; Li, X.; Zhou, Y.; Deng, M.; Zhu, H.; Jin, H. Post-Stroke Depression and Lesion Location: A Systematic Review. J. Neurol. 2015, 262, 81–90. [Google Scholar] [CrossRef]

	



Nickel, A.; Thomalla, G. Post-Stroke Depression: Impact of Lesion Location and Methodological Limitations-a Topical Review. Front. Neurol. 2017, 8, 498. [Google Scholar] [CrossRef]

	



Carod-Artal, F.J. Post-stroke depression (I). Epidemiology, diagnostic criteria and risk factors. Rev. Neurol. 2006, 42, 169–175. [Google Scholar] [PubMed]

	



Carota, A.; Berney, A.; Aybek, S.; Iaria, G.; Staub, F.; Ghika-Schmid, F.; Annable, L.; Guex, P.; Bogousslavsky, J. A Prospective Study of Predictors of Poststroke Depression. Neurology 2005, 64, 428–433. [Google Scholar] [CrossRef] [PubMed]

	



Richter, D.; Charles James, J.; Ebert, A.; Katsanos, A.H.; Mazul-Wach, L.; Ruland, Q.; Gold, R.; Juckel, G.; Krogias, C. Selective Serotonin Reuptake Inhibitors for the Prevention of Post-Stroke Depression: A Systematic Review and Meta-Analysis. J. Clin. Med. 2021, 10, 5912. [Google Scholar] [CrossRef] [PubMed]

	



Castilla-Guerra, L.; Fernandez Moreno, M.D.C.; Esparrago-Llorca, G.; Colmenero-Camacho, M.A. Pharmacological Management of Post-Stroke Depression. Expert Rev. Neurother. 2020, 20, 157–166. [Google Scholar] [CrossRef] [PubMed]

	



Troeung, L.; Egan, S.J.; Gasson, N. A Meta-Analysis of Randomised Placebo-Controlled Treatment Trials for Depression and Anxiety in Parkinson’s Disease. PLoS ONE 2013, 8, e79510. [Google Scholar] [CrossRef]

	



Starkstein, S.E.; Brockman, S. Management of Depression in Parkinson’s Disease: A Systematic Review. Mov. Disord. Clin. Pract. 2017, 4, 470–477. [Google Scholar] [CrossRef]

	



Cipriani, A.; Furukawa, T.A.; Salanti, G.; Chaimani, A.; Atkinson, L.Z.; Ogawa, Y.; Leucht, S.; Ruhe, H.G.; Turner, E.H.; Higgins, J.P.T.; et al. Comparative Efficacy and Acceptability of 21 Antidepressant Drugs for the Acute Treatment of Adults with Major Depressive Disorder: A Systematic Review and Network Meta-Analysis. Lancet 2018, 391, 1357–1366. [Google Scholar] [CrossRef]

	



Villa, R.F.; Ferrari, F.; Moretti, A. Post-Stroke Depression: Mechanisms and Pharmacological Treatment. Pharmacol. Ther. 2018, 184, 131–144. [Google Scholar] [CrossRef]

	



Padala, P.R.; Padala, K.P.; Majagi, A.S.; Garner, K.K.; Dennis, R.A.; Sullivan, D.H. Selective Serotonin Reuptake Inhibitors-Associated Apathy Syndrome: A Cross Sectional Study. Medicine 2020, 99, e21497. [Google Scholar] [CrossRef]

	



Read, J.; Cartwright, C.; Gibson, K. Adverse Emotional and Interpersonal Effects Reported by 1829 New Zealanders While Taking Antidepressants. Psychiatry Res. 2014, 216, 67–73. [Google Scholar] [CrossRef]

	



Goodwin, G.M.; Price, J.; De Bodinat, C.; Laredo, J. Emotional Blunting with Antidepressant Treatments: A Survey among Depressed Patients. J. Affect. Disord. 2017, 221, 31–35. [Google Scholar] [CrossRef]

	



Sepehry, A.A.; Lee, P.E.; Hsiung, G.Y.R.; Beattie, B.L.; Jacova, C. Effect of Selective Serotonin Reuptake Inhibitors in Alzheimer’s Disease with Comorbid Depression: A Meta-Analysis of Depression and Cognitive Outcomes. Drugs Aging 2012, 29, 793–806. [Google Scholar] [CrossRef]

	



Dudas, R.; Malouf, R.; McCleery, J.; Dening, T. Antidepressants for Treating Depression in Dementia. Cochrane Database Syst. Rev. 2018, 8, CD003944. [Google Scholar] [CrossRef]

	



Orgeta, V.; Tabet, N.; Nilforooshan, R.; Howard, R. Efficacy of Antidepressants for Depression in Alzheimer’s Disease: Systematic Review and Meta-Analysis. J. Alzheimer. Dis. 2017, 58, 725–733. [Google Scholar] [CrossRef]

	



Lavretsky, H.; Laird, K.T.; Krause-Sorio, B.; Heimberg, B.F.; Yeargin, J.; Grzenda, A.; Wu, P.; Thana-Udom, K.; Ercoli, L.M.; Siddarth, P. A Randomized Double-Blind Placebo-Controlled Trial of Combined Escitalopram and Memantine for Older Adults with Major Depression and Subjective Memory Complaints. Am. J. Geriatr. Psychiatry 2020, 28, 178–190. [Google Scholar] [CrossRef]

	



Mokhber, N.; Abdollahian, E.; Soltanifar, A.; Samadi, R.; Saghebi, A.; Haghighi, M.B.; Azarpazhooh, A. Comparison of sertraline, venlafaxine and desipramine effects on depression, cognition and the daily living activities in Alzheimer patients. Pharmacopsychiatry 2014, 47, 131–140. [Google Scholar] [CrossRef]

	



He, Y.; Li, H.; Huang, J.; Huang, S.; Bai, Y.; Li, Y.; Huang, W. Efficacy of Antidepressant Drugs in the Treatment of Depression in Alzheimer Disease Patients: A Systematic Review and Network Meta-Analysis. J. Psychopharmacol. 2021, 35, 901–909. [Google Scholar] [CrossRef]

	



Hsu, T.-W.; Stubbs, B.; Liang, C.-S.; Chen, T.-Y.; Yeh, T.-C.; Pan, C.-C.; Chu, C.-S. Efficacy of Serotonergic Antidepressant Treatment for the Neuropsychiatric Symptoms and Agitation in Dementia: A Systematic Review and Meta-Analysis. Ageing Res. Rev. 2021, 69, 101362. [Google Scholar] [CrossRef]

	



Skapinakis, P.; Bakola, E.; Salanti, G.; Lewis, G.; Kyritsis, A.P.; Mavreas, V. Efficacy and Acceptability of Selective Serotonin Reuptake Inhibitors for the Treatment of Depression in Parkinson’s Disease: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. BMC Neurol. 2010, 10, 49. [Google Scholar] [CrossRef]

	



Ryan, M.; Eatmon, C.V.; Slevin, J.T. Drug Treatment Strategies for Depression in Parkinson Disease. Expert Opin. Pharmacother. 2019, 20, 1351–1363. [Google Scholar] [CrossRef]

	



Takahashi, M.; Tabu, H.; Ozaki, A.; Hamano, T.; Takeshima, T.; REBORN Study Group. Antidepressants for Depression, Apathy, and Gait Instability in Parkinson’s Disease: A Multicenter Randomized Study. Intern. Med. 2019, 58, 361–368. [Google Scholar] [CrossRef] [PubMed]

	



Zahodne, L.B.; Bernal-Pacheco, O.; Bowers, D.; Ward, H.; Oyama, G.; Limotai, N.; Velez-Lago, F.; Rodriguez, R.L.; Malaty, I.; McFarland, N.R.; et al. Are Selective Serotonin Reuptake Inhibitors Associated with Greater Apathy in Parkinson’s Disease? J. Neuropsychiatry Clin. Neurosci. 2012, 24, 326–330. [Google Scholar] [CrossRef] [PubMed]

	



Mills, K.A.; Greene, M.C.; Dezube, R.; Goodson, C.; Karmarkar, T.; Pontone, G.M. Efficacy and Tolerability of Antidepressants in Parkinson’s Disease: A Systematic Review and Network Meta-Analysis. Int. J. Geriatr. Psychiatry 2018, 33, 642–651. [Google Scholar] [CrossRef] [PubMed]

	



Zhou, S.; Liu, S.; Liu, X.; Zhuang, W. Selective Serotonin Reuptake Inhibitors for Functional Independence and Depression Prevention in Early Stage of Post-Stroke: A Meta-Analysis. Medicine 2020, 99, e19062. [Google Scholar] [CrossRef]

	



Legg, L.A.; Rudberg, A.-S.; Hua, X.; Wu, S.; Hackett, M.L.; Tilney, R.; Lindgren, L.; Kutlubaev, M.A.; Hsieh, C.-F.; Barugh, A.J.; et al. Selective Serotonin Reuptake Inhibitors (SSRIs) for Stroke Recovery. Cochrane Database Syst. Rev. 2021, 11, CD009286. [Google Scholar] [CrossRef]

	



Jones, J.S.; Kimata, R.; Almeida, O.P.; Hankey, G.J. Risk of Fractures in Stroke Patients Treated with a Selective Serotonin Reuptake Inhibitor: A Systematic Review and Meta-Analysis. Stroke 2021, 52, 2802–2808. [Google Scholar] [CrossRef]

	



Mortensen, J.K.; Andersen, G. Pharmacological Management of Post-Stroke Depression: An Update of the Evidence and Clinical Guidance. Expert Opin. Pharmacother. 2021, 22, 1157–1166. [Google Scholar] [CrossRef]

	



Guo, J.; Wang, J.; Sun, W.; Liu, X. The Advances of Post-Stroke Depression: 2021 Update. J. Neurol. 2022, 269, 1236–1249. [Google Scholar] [CrossRef]

	



Lanctôt, K.L.; Amatniek, J.; Ancoli-Israel, S.; Arnold, S.E.; Ballard, C.; Cohen-Mansfield, J.; Ismail, Z.; Lyketsos, C.; Miller, D.S.; Musiek, E.; et al. Neuropsychiatric Signs and Symptoms of Alzheimer’s Disease: New Treatment Paradigms. Alzheimer. Dement. 2017, 3, 440–449. [Google Scholar] [CrossRef]

	



Schatzberg, A.F.; Blier, P.; Culpepper, L.; Jain, R.; Papakostas, G.I.; Thase, M.E. An Overview of Vortioxetine: (Academic Highlights). J. Clin. Psychiatry 2014, 75, 1411–1418. [Google Scholar] [CrossRef]

	



Sanchez, C.; Asin, K.E.; Artigas, F. Vortioxetine, a Novel Antidepressant with Multimodal Activity: Review of Preclinical and Clinical Data. Pharmacol. Ther. 2015, 145, 43–57. [Google Scholar] [CrossRef]

	



Zhang, J.; Mathis, M.V.; Sellers, J.W.; Kordzakhia, G.; Jackson, A.J.; Dow, A.; Yang, P.; Fossom, L.; Zhu, H.; Patel, H.; et al. The US Food and Drug Administration’s Perspective on the New Antidepressant Vortioxetine. J. Clin. Psychiatry 2015, 76, 8–14. [Google Scholar] [CrossRef]

	



Gonda, X.; Sharma, S.R.; Tarazi, F.I. Vortioxetine: A Novel Antidepressant for the Treatment of Major Depressive Disorder. Expert Opin. Drug Discov. 2019, 14, 81–89. [Google Scholar] [CrossRef]

	



Bang-Andersen, B.; Ruhland, T.; Jørgensen, M.; Smith, G.; Frederiksen, K.; Jensen, K.G.; Zhong, H.; Nielsen, S.M.; Hogg, S.; Mørk, A.; et al. Discovery of 1-[2-(2,4-Dimethylphenylsulfanyl)Phenyl]Piperazine (Lu AA21004): A Novel Multimodal Compound for the Treatment of Major Depressive Disorder. J. Med. Chem. 2011, 54, 3206–3221. [Google Scholar] [CrossRef]

	



Thase, M.E.; Mahableshwarkar, A.R.; Dragheim, M.; Loft, H.; Vieta, E. A Meta-Analysis of Randomized, Placebo-Controlled Trials of Vortioxetine for the Treatment of Major Depressive Disorder in Adults. Eur. Neuropsychopharmacol. 2016, 26, 979–993. [Google Scholar] [CrossRef]

	



US Food and Drugs Administration Lundbeck. Brintellix® (Vortioxetine) Tablets, for Oral Use. In Prescribing Information; US Food and Drugs Administration Lundbeck: Silver Spring, MD, USA, 2018. [Google Scholar]

	



European Medicines Agency. Brintellix® (Vortioxetine) 5 Mg, 10 Mg, 15 Mg, and 20 Mg Film-Coated Tablets. In Summary of Product Characteristics; Last Updated on 27 September 2021; European Medicines Agency: Amsterdam, The Netherlands, 2013. [Google Scholar]

	



Kennedy, S.H.; Lam, R.W.; McIntyre, R.S.; Tourjman, S.V.; Bhat, V.; Blier, P.; Hasnain, M.; Jollant, F.; Levitt, A.J.; MacQueen, G.M.; et al. Canadian Network for Mood and Anxiety Treatments (CANMAT) 2016 Clinical Guidelines for the Management of Adults with Major Depressive Disorder: Section 3. Pharmacological Treatments. Can. J. Psychiatry 2016, 61, 540–560. [Google Scholar] [CrossRef]

	



Katona, C.; Hansen, T.; Olsen, C.K. A Randomized, Double-Blind, Placebo-Controlled, Duloxetine-Referenced, Fixed-Dose Study Comparing the Efficacy and Safety of Lu AA21004 in Elderly Patients with Major Depressive Disorder. Int. Clin. Psychopharmacol. 2012, 27, 215–223. [Google Scholar] [CrossRef]

	



McIntyre, R.S.; Lophaven, S.; Olsen, C.K. A Randomized, Double-Blind, Placebo-Controlled Study of Vortioxetine on Cognitive Function in Depressed Adults. Int. J. Neuropsychopharmacol. 2014, 17, 1557–1567. [Google Scholar] [CrossRef]

	



Mahableshwarkar, A.R.; Zajecka, J.; Jacobson, W.; Chen, Y.; Keefe, R.S. A Randomized, Placebo-Controlled, Active-Reference, Double-Blind, Flexible-Dose Study of the Efficacy of Vortioxetine on Cognitive Function in Major Depressive Disorder. Neuropsychopharmacology 2015, 40, 2025–2037. [Google Scholar] [CrossRef]

	



Rosenblat, J.D.; Kakar, R.; McIntyre, R.S. The Cognitive Effects of Antidepressants in Major Depressive Disorder: A Systematic Review and Meta-Analysis of Randomized Clinical Trials. Int. J. Neuropsychopharmacol. 2015, 19, pyv082. [Google Scholar] [CrossRef]

	



Fagiolini, A.; Florea, I.; Loft, H.; Christensen, M.C. Effectiveness of Vortioxetine on Emotional Blunting in Patients with Major Depressive Disorder with Inadequate Response to SSRI/SNRI Treatment. J. Affect. Disord. 2021, 283, 472–479. [Google Scholar] [CrossRef] [PubMed]

	



Cumbo, E.; Cumbo, S.; Torregrossa, S.; Migliore, D. Treatment Effects of Vortioxetine on Cognitive Functions in Mild Alzheimer’s Disease Patients with Depressive Symptoms: A 12 Month, Open-Label, Observational Study. J. Prev. Alzheimer. Dis. 2019, 6, 192–197. [Google Scholar] [CrossRef]

	



Russo, M.; Carrarini, C.; Dono, F.; Ferri, M.; Di Pietro, M.; Onofrj, M. Vortioxetine Treatment of Depression in Parkinson’s Disease. Mov. Disord. 2019, 34 (Suppl. S2), 193. [Google Scholar]

	



Barbato, G.; Marano, P.; Passarella, B.; Pilotto, A.; Riboldazzi, G.; Spagnolo, F.; Vanni, P. Vortioxetine for the Treatment of Depressive Episodes Associated with Parkinson’s Disease: A Case Series of Six Patients. J. Psychopathol. 2020, 26, 248–255. [Google Scholar] [CrossRef]

	



Yoshimura, R.; Ikenouchi, A.; Okamoto, N.; Konishi, Y. Vortioxetine Improved Depressive State In Parkinson’s Disease. Cureus 2021, 13, e15750. [Google Scholar] [CrossRef] [PubMed]

	



Gamberini, G.; Masuccio, F.G.; Ferriero, G.; Cattaneo, D.; Solaro, C. Safety and Efficacy of Vortioxetine on Depressive Symptoms and Cognition in Post-Stroke Patients: A Pilot Study. J. Affect. Disord. 2021, 286, 108–109. [Google Scholar] [CrossRef]

	



Baldwin, D.S.; Chrones, L.; Florea, I.; Nielsen, R.; Nomikos, G.G.; Palo, W.; Reines, E. The Safety and Tolerability of Vortioxetine: Analysis of Data from Randomized Placebo-Controlled Trials and Open-Label Extension Studies. J. Psychopharmacol. 2016, 30, 242–252. [Google Scholar] [CrossRef]

	



Kouloutbani, K.; Venetsanou, F.; Markati, A.; Karteroliotis, K.E.; Politis, A. The Effectiveness of Physical Exercise Interventions in the Management of Neuropsychiatric Symptoms in Dementia Patients: A Systematic Review. Int. Psychogeriatr. 2021, 34, 177–190. [Google Scholar] [CrossRef]

	



Wang, Y.; Liu, M.; Tan, Y.; Dong, Z.; Wu, J.; Cui, H.; Shen, D.; Chi, I. Effectiveness of Dance-Based Interventions on Depression for Persons with MCI and Dementia: A Systematic Review and Meta-Analysis. Front. Psychol. 2021, 12, 709208. [Google Scholar] [CrossRef]

	



Dobkin, R.D.; Menza, M.; Allen, L.A.; Gara, M.A.; Mark, M.H.; Tiu, J.; Bienfait, K.L.; Friedman, J. Cognitive-Behavioral Therapy for Depression in Parkinson’s Disease: A Randomized, Controlled Trial. Am. J. Psychiatry 2011, 168, 1066–1074. [Google Scholar] [CrossRef]

	



Dobkin, R.D.; Tröster, A.I.; Rubino, J.T.; Allen, L.A.; Gara, M.A.; Mark, M.H.; Menza, M. Neuropsychological Outcomes after Psychosocial Intervention for Depression in Parkinson’s Disease. J. Neuropsychiatry Clin. Neurosci. 2014, 26, 57–63. [Google Scholar] [CrossRef]

	



Luo, F.; Ye, M.; Lv, T.; Hu, B.; Chen, J.; Yan, J.; Wang, A.; Chen, F.; He, Z.; Ding, Z.; et al. Efficacy of Cognitive Behavioral Therapy on Mood Disorders, Sleep, Fatigue, and Quality of Life in Parkinson’s Disease: A Systematic Review and Meta-Analysis. Front. Psychiatry 2021, 12, 793804. [Google Scholar] [CrossRef]

	



Hong, C.-T.; Tan, S.; Huang, T.-W. Psychotherapy for the Treatment of Anxiety and Depression in Patients with Parkinson Disease: A Meta-Analysis of Randomized Controlled Trials. J. Am. Med. Dir. Assoc. 2021, 22, 2289–2295. [Google Scholar] [CrossRef]

	



Devos, D.; Dujardin, K.; Poirot, I.; Moreau, C.; Cottencin, O.; Thomas, P.; Destée, A.; Bordet, R.; Defebvre, L. Comparison of desipramine and citalopram treatments for depression in Parkinson’s disease: A double-blind, randomized, placebo-controlled study. Mov. Disord. 2008, 23, 850–857. [Google Scholar] [CrossRef]

	



Richard, I.H.; McDermott, M.P.; Kurlan, R.; Lyness, J.M.; Como, P.G.; Pearson, N.; Factor, S.A.; Juncos, J.; Serrano-Ramos, C.; Brodsky, M.; et al. A randomized, double-blind, placebo-controlled trial of antidepressants in Parkinson disease. Neurology 2012, 78, 1229–1236. [Google Scholar] [CrossRef]

	



Menza, M.; Dobkin, R.D.; Marin, H.; Mark, M.H.; Gara, M.; Buyske, S.; Bienfait, K.; Dicke, A. A controlled trial of antidepressants in patients with Parkinson disease and depression. Neurology 2009, 72, 886–892. [Google Scholar] [CrossRef]

	



Wiart, L.; Petit, H.; Joseph, P.A.; Mazaux, J.M.; Barat, M. Fluoxetine in early poststroke depression: A double-blind placebo-controlled study. Stroke 2000, 31, 1829–1832. [Google Scholar] [CrossRef]

	



Andersen, G.; Vestergaard, K.; Lauritzen, L. Effective treatment of poststroke depression with the selective serotonin reuptake inhibitor citalopram. Stroke 1994, 25, 1099–1104. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Pharmacological and non-pharmacological treatment of depression in AD, PD, and stroke.
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	AD
	PD
	Stroke





	Pharmacological treatment
	Escitalopram 5–20 mg/day (Mean dose = 11.1 ± 3.7 mg/day)

RDBPCT; 6 months.

HAM-D = −11.1 ± 4.9 points. (p < 0.0001). [95]
	Citalopram 20 mg/day

RDBPCT; 1 month.

MADRS = −14 points (p = 0.03) [136]
	Fluoxetine 20 mg/day

RDBPCT; 6 weeks.

MADRS = −16.6 points (p = 0.02)

Additional benefit on motor recovery [137]



	
	Sertraline 100 mg/day

RDBPCT; 3 months.

HAM-D = −16.2 points (p < 0.001). [96]


	Venlafaxine 75–225 mg/day

RDBPCT; 3 months.

HAM-D = −11 points (p = 0.02) [138]
	Citalopram 10–40 mg/day

RDBPCT; 6 weeks.

HAM-D = −9.5 ± 5.6 points (p < 0.005) [139]



	
	Mirtazapine 30–45 mg/day

RDBPCT; 13 weeks.

CSDD = −5.0 ± 4.9 points. (p <0.01). [97]
	Nortryptiline 50 mg/day

RDBPCT; 2 months.

HAM-D = −10.3 points (p < 0.002) [140]
	-



	
	Vortioxetine 15 mg/day

RDBPCT; 12 months.

HAM-D = −7.4 points (p < 0.001).

Additional benefit on global cognitive function (MMSE)

[124]
	
	



	Non- pharmacological

treatment
	Positive effect of aerobic exercise (3–5 times a week) on depression and other neuropsychiatric symptoms.

Randomized Controlled Trials. Systematic review; PRISMA guidelines. [130]
	Significant improvement of Cognitive Behavioral Therapy on Depression (mean diff = −0.83; p < 0.001).

RCT compared with clinical monitoring; 12 weeks [132,133,134,135]
	







RDBPCT: Randomized Double-Blind Placebo-Controlled Trial; HAM-D: Hamilton Rating Scale for Depression; RSBCT: randomized, single-blind, controlled trial; CSDD: Cornell scale for depression in dementia; MADRS: Montgomery Asberg Depression Rating Scale.
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