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    Abstract
Despite a huge amount of research investiment during the past three decades there is still no cure or disease-modifying therapy of any kind for Alzheimer's disease, and only very limited progress has been made since the millenium. This review provides a perspective on how Alzheimer's disease symptoms are currently treated with pharmacological and non-pharmacological approaches, and what the evidence for each is. In the absence of new drugs, it is remarkable how well medical foods and behavioural interventions fare in comparison, although much research is still required. A true causal therapy of Alzheimer's disease will have to await the unvailing of its ultimate cause.
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    Subjective Cognitive Decline and Mild Cognitive Impairment


    Alzheimer's disease (AD) has an insidious onset, and therefore, experiencing increasing cognitive deficiencies is always a severe concern for the affected individual and his or her personal associates. While subjective cognitive decline (SCD) in individuals who do not show impaired performance on the usual cognitive tests is an attractive research subject for which a conceptual framework has recently been defined,[bookmark: ft1][1] such self-reported impairments can have many physiological and psychological reasons. Even mild hypohydration (loss of <1% body mass) can reversibly impair cognition,[bookmark: ft3][3] and 24 weeks of systematic moderate exercise alone can improve executive function in older adults reporting SCD.[bookmark: ft3][3]


    Although most who subsequently develop dementia of any type will have experienced SCD as a prodromal symptom, SCD has low predictive value in this respect, except in individuals attending a memory clinic.[bookmark: ft4][4] No pharmacological intervention is appropriate. One month of simultaneous memory training and aerobic exercise is sufficient to improve memory, attention and reasoning abilities in older adults reporting SCD.[bookmark: ft5][5]


    In contrast with SCD, individuals with mild cognitive impairment (MCI) do have demonstrable impairment in cognition tests but not to a degree that meets the criteria for dementia. There is generally mild functional impairment for complex tasks, but basic activities of daily living (ADL) are preserved. The prevalence of MCI in adults aged 65 years and over is 10%–20%, and about 10% of those diagnosed with MCI progress to some type of dementia each year, compared with 1%–2% of the general elderly population.[bookmark: ft6][6]


    Dehydration, infections, anticholinergic drugs, thyroid dysfunction and other chronic diseases, alcohol abuse and various lifestyle factors can cause symptoms of MCI that are wholly or partially reversible on elimination or treatment of the root cause. Depression, from which one in three aged persons with MCI suffers,[bookmark: ft7][7] will also reversibly compromise cognition.


    It is the amnestic MCI form (aMCI),[bookmark: ft8][8] where memory loss is the chief concern, that has the highest risk of progression to AD,[bookmark: ft9][9] and might be considered a prodromal stage. There is a diagnostic continuum: distinction between aMCI and mild AD depends on the examining psychiatrist's judgement on whether or not 'mild problems performing complex functional tasks' already cause 'significant interference in the ability to function at work or in usual daily activities'. The great majority of individuals diagnosed with mild or very mild AD will meet criteria for MCI due to AD as well.[bookmark: ft10][10]


    There are no drugs approved for the treatment of MCI, and although studies have been conducted with antidiabetics, statins, Vitamins E and B12, melatonin and various dietary interventions none has produced sufficiently robust evidence so far. However, the diagnostic continuum between aMCI and 'preclinical' and 'very mild' AD, the latter of which is eligible for treatment with cholinesterase inhibitors (see the discussion of definitions, below) blurs the distinction on the level of routine psychiatric practice. In any case, medications with anticholinergic effects should be discontinued or reduced as far as possible,[bookmark: ft11][11] and special attention should be directed at the control of diabetes.[bookmark: ft12][12]


    Alzheimer's Disease, its Definitions and its Severity Grading


    There are two current diagnostic definitions of AD for research purposes that differ only in details: Those of the United States National Institute on Aging and the Alzheimer's Association (the 2011 NIA-AA criteria),[bookmark: ft13][13] and those published by the International Working Group (the 2014 IWG-2 criteria).[bookmark: ft14][14] The major difference between the two sets is that the IWG-2 criteria cover a prodromal stage that is essentially identical to aMCI. Otherwise, the differences are mostly on the semantic level (the IWG-2 'atypical AD' corresponds to the NIA-AA 'probable AD'). Both include recommendations for using and interpreting molecular and imaging biomarkers to support the diagnosis.


    Although both sets of criteria were originally intended mainly for defining study populations for inclusion in AD clinical trials, their use has been adopted into general practice, extending the original International Classification of Disease-10 and Diagnostic and Statistical Manual of Mental Disorders, 4th edition criteria from the 1990s which had solely relied on neuropsychiatric examination. Their importance lies in the fact that they not only facilitate an early diagnosis of possible or probable AD[bookmark: ft15][15] but also improve the differentiation against other forms of dementia, which is essential for adequate medical treatment and care of AD patients.


    Once the diagnosis has been established the degree of AD severity is determined. The Mini-Mental State (MMSE) scale of cognitive impairment will provide a first orientation:


    
      	20–26 points: Mild AD


      	10–19 points: Moderate AD


      	< 10 points: Severe AD.

    


    This grading can be further refined by more detailed neuropsychological tests, such as the cognitive subscale of the AD Assess Scale (ADAS-Cog) for questionable, mild and moderate AD, and with the Severe Impairment Battery for severe AD. Determining the stage of AD is important not only for determining the level of care and nursing but also for therapy: not all AD drugs are approved and/or reimbursed for all degrees of AD severity.


    Drug Therapies for Alzheimer's Disease


    As any treatment of AD, pharmacological therapy must address two interlinked psychiatric dimensions:


    
      	The core symptoms of dementia: impairments of (a) cognition (memory loss, disorientation and confusion) and (b) impairment of ADL (managing finances, driving and trivial planning)


      	The psychological and behavioural symptoms of dementia (BPSD): affective (depression, apathy, anxiety, euphoria, disinhibition), psychotic (hallucinations, delusions, misidentifications) and behavioural symptoms (agitation/aggression, wandering, sleep disturbance, hypersexuality and appetite changes)

    


    The entire field of neuropsychiatry has not seen fundamentally new or significantly more effective drugs for many years. For AD, this dearth of innovation is extremely pronounced: no new drugs have been widely approved during the past 15 years despite most impressive investments in research and development (This sharply contrasts with the series of new developments around the millennium which ended a long-lasting 'pharmacological nihilism' and provided us with the approved specific AD drugs used today). The treatment of behavioural symptoms has to rely on established antidepressants and antipsychotics that are not specifically approved for BPSD or AD.


    Drugs for the treatment of core symptoms


    Four agents are currently approved for the treatment of AD core symptoms: three cholinesterase inhibitors (donepezil, rivastigmine and galantamine) and the open-channel NMDA antagonist, memantine. All these agents were originally approved during the late 1990s and early 2000s based on their superiority over placebo at the endpoint of clinical trials with limited duration (usually, 24 weeks). Longer-term trials later extended the base of experience and controlled conditions.


    Recent years have seen extensive discussions concerning the usefulness of these drugs for patients, as well as their cost-effectiveness. Challenges are frequently brought based on the small-to-moderate cognitive effect strengths seen in randomised and controlled clinical trials,[bookmark: ft16][16] especially in the later stages of AD, and on the fact that they do not modify the chronically progressive course of the disease i.e., these drugs can slow cognitive decline only as long as they are administered. Pharmacoeconomic studies and meta-analyses of such studies,[bookmark: ft17][17] that are critical of AD drugs continue to be published.


    Parts of these discussions are rooted in the fact that health insurers and health technology assessment agencies employ criteria of usefulness and cost-effectiveness that are much broader than the core symptom criteria used for regulatory authorities; generally, they also include BPSD, reduction of disease-specific mortality and delay or reduction of nursing demands in their assessments. Caregivers also tend to expect 'Alzheimer drug' to be broadly effective in all dimensions. However, it is precisely the fact that AD is a disease without spontaneous remissions, with an extremely high burden of disease for patients and their caregivers alike, that justifies its symptomatic treatment even with drugs of limited effectiveness.


    Cholinesterase inhibitors


    All three cholinesterase inhibitors are generically available as orally formulated drugs; rivastigmine is also available as a once-daily transdermal therapeutic system. All are approved for the treatment of mild-to-moderate AD; the United States Food and Drug Administration extended the original 1996 approval of donepezil to severe AD in 2006, making it the only drug approved for the treatment of AD across the severity spectrum until 2013, when FDA approval for the rivastigmine patch was also extended to severe AD. However, the European Medicines Agency did not grant approvals beyond the moderate stage of AD. As a consequence, the European national AD treatment guidelines also make no such recommendation, although most concede that treatment continuation into the moderately severe stage might be warranted depending on individual circumstances, at least for donepezil and rivastigmine.


    The dose and titration schemes for the three agents are summarises in [Table - 1].
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        	Table 1: Key parameters for the cholinesterase inhibitors approved for the treatment of Alzheimer's disease

        

        Click here to view
      

    


    Side effects


    All cholinesterase inhibitors cause frequent side effects that are mostly gastrointestinal; mainly these are diarrhoea, nausea and emesis. Dizziness, vertigo, headaches and bradycardia[bookmark: ft18][18] can also occur. These undesirable effects are dose-dependently linked to the desired enhancement of the cholinergic system tone. Side effects are mostly manageable and self-limiting, and do not normally require discontinuation of therapy, but they should be continuously monitored by caregivers. Often be can avoided by slowly increasing the initial dose until the recommended maximum dose or the tolerated dose for the patient is reached, whatever is encountered first.


    The cardiac side effects tend to be those of the greatest concern because bradycardia can cause syncope, with subsequent falls which carry a high risk of hip fracture in aged persons.[bookmark: ft19][19] Paradoxically, the opposite might be true for cardiac outcomes: the use of cholinesterase inhibitors in AD patients has been found to be associated with a significantly lower risk of cardiovascular events and mortality.[bookmark: ft20][20],[bookmark: ft21][21]


    Cholinesterase inhibitors are intended to facilitate central cholinergic neurotransmission to compensate for reduced activity of cholinergic projections into cortical regions. Obviously, all medications with anticholinergic effects should be discontinued (if possible) before cholinesterase inhibitors are initiated. While this seems obvious, awareness of the problem of anticholinergic burden in previously untreated AD patients deserves more attention so that treatment response can be optimised, and increased mortality avoided.[bookmark: ft22][22],[bookmark: ft23][23] About a dozen of the psychotropic and cardiovascular drugs that are frequently prescribed to the elderly have some anticholinergic effect.[bookmark: ft24][24]


    How early should treatment start?


    A meta-analysis of randomised controlled trials involving community-dwelling adults aged 65 years and older with an MCI diagnosis does not support treatment with cholinesterase inhibitors.[bookmark: ft25][25] Drugs that are approved for AD should not be used in this stage, despite some positive study results for each of the agents, because the risk-benefit balance does not warrant it.[bookmark: ft26][26],[bookmark: ft27][27] In any case, this would be an off-label use, burdening the prescribing physician with responsibility and putting the patient outside the envelope of health insurance refunds.


    However, the consensus is that AD should be treated as early as possible and the issue of differential diagnosis additionally complicates the situation: as discussed above, aMCI and mild AD are ultimately separated only by a fine line of expert assessment that will in part rely on statements from spouses and relatives, and will always have a subjective component. While MCI (including its amnestic subtype) is a clinically defined entity, it is only with hindsight (if a person previously diagnosed with MCI has developed AD) that his or her MCI can be stated with any degree of certainty to have been a prodromal manifestation of AD. A preliminary diagnosis of 'preclinical AD' should, therefore, require evidence for the presence of typical AD pathology (to be obtained by imaging), and possibly supported by testing for apolipoprotein E genotype and other biomarkers (amyloid precursor protein, phosphorylated tau protein) in blood or liquor. Especially in individuals younger than 65 years and/or with a family history of AD such advanced diagnostics will support the notion that the border between MCI and AD has already been crossed, and that treatment with cholinesterase inhibitors is warranted.


    Efficacy in mild and moderate Alzheimer's disease


    The Cochrane Network published its first individual systematic reviews for donepezil, rivastigmine and galantamine in 2005, and followed up with a summary comparison for all three drugs 1 year later.[bookmark: ft28][28] The reviewers found all three cholinesterase inhibitors to be efficacious for mild-to-moderate AD, with no significant differences in efficacy and (most likely) in tolerability between them, despite their slightly different mechanisms (Rivastigmine is an irreversible inhibitor while the others are reversible; galantamine exerts additional cholinergic action by modulating neuronal nicotinic acetylcholine receptors). Improvements in cognitive function, on average of 2.7 points, in the midrange of the 70-point ADAS-Cog Scale were seen, and also benefits on measures of ADL (weighted mean improvement, 4.4 and 2.5 points on the Disability Assessment for Dementia and Progressive Deterioration scales, respectively) and behaviour (2.4-point improvement in the neuropsychiatric inventory). Although none of these treatment effects were large, the reviewers concluded that there is no evidence that treatment with a cholinesterase inhibitor is not cost effective. Importantly, the Cochrane meta-analysis found no identifiable predictors for response to treatment.


    How long is cholinesterase inhibitor treatment meaningful?


    Only about 10% of AD patients maintain stable cognition test results with continued drug refill for more than 3 years.[bookmark: ft29][29] There is no consensus in practice guidelines and recommendations concerning at which point in the disease course, if at all, cholinesterase inhibitor treatment should be discontinued.[bookmark: ft30][30] In effect, this decision will have to be made on an individual assessment.


    DOMINO-AD, a study conducted in the United Kingdom that had not been sponsored by industry, has investigated 295 patients with moderate or severe AD who had been on stable donepezil treatment for at least 3 months, with the highest recommended dose (10 mg/day) for at least 6 weeks. Practically, all patients had a much longer overall treatment history: 85% had been treated for at least 1 year, 14% for more than 5 years. After 52 weeks, patients assigned to continue donepezil scored an average of 1.9 points higher on the MMSE, as compared with those assigned to discontinue donepezil. This exceeded the minimum clinically important difference of 1.4 points. Furthermore, their score on the 60-point Bristol ADL Scale was better by 3.0 points which was statistically significant but did not quite meet the clinical importance threshold of 3.5 points.[bookmark: ft31][31] Continuing donepezil for 52 weeks was more cost-effective than discontinuation, considering cognition, ADL and health-related quality of life.[bookmark: ft32][32]


    Switching cholinesterase inhibitors


    There have been no large blinded trials demonstrating that transiting patients who do not show the satisfactory response to any one of the three cholinesterase inhibitors to another one is beneficial, although some open studies have been published.[bookmark: ft33][33],[bookmark: ft34][34] However, there is no evidence for detrimental effects either. Switching cholinesterase inhibitors for the above-mentioned reasons seems perfectly acceptable, especially if the original drug is not well tolerated.


    Memantine for Moderate and Severe Alzheimer's Disease


    Memantine is a non-competitive open-channel NMDA receptor antagonist that is primarily intended to slow neurodegeneration caused by neuronal overexcitation. It is approved for the treatment of moderately severe (MMSE score 10–19 points) and severe (0–10 points) AD, but not for mild AD. This fills an important gap in the pharmacological treatment of more advanced AD. A 4-week titration to the maximal recommended dose (20 mg/day) is recommended.


    Initially, health-care assessment organisations, especially in the United Kingdom and Germany, had been skeptical concerning the effectiveness of memantine in this patient segment based on their own analyses of available data. While they have meanwhile revised their negative original assessments, discussions continue to this day. The bottom line is that, at least in severe AD, memantine monotherapy is broadly recommended as the single available option.


    A systematic review and meta-analysis of double-blind, placebo-controlled clinical trials that included 18 studies involving 5004 patients and was published in 2018 found memantine to be only slightly more efficacious than placebo on cognitive function, global symptomatology, neuropsychiatric symptoms and discontinuation due to inefficacy.[bookmark: ft35][35] This finding is consistent with previous Cochrane analyses which found a small beneficial effect at 6 months in moderate to severe AD.[bookmark: ft36][36]


    Combination With Cholinesterase Inhibitors


    As memantine and cholinesterase inhibitors are all approved for moderate AD and have completely different modes of action, synergies could be expected from combination treatment. Indeed, the retrospective MEMAGE study reported moderately significant improvements in MMSE and Neuropsychiatric Inventory scores when memantine 20 mg/day was administered for 6 months in addition to donepezil or rivastigmine in AD patients with worsened cognitive functions and behavioural disorders.[bookmark: ft37][37]


    However, the benefits of this add-on treatment seem to shrink as the data pool grows. A meta-analysis of 11 studies published between 2004 and 2015 found that the combination of donepezil and memantine led to mildly better improvement in cognitive functions, BPSD and global functions than did donepezil alone in patients with moderate-to-severe AD, both in the 24th week of treatment and at the final evaluation point that extended to 52 weeks for some of the analysed studies.[bookmark: ft38][38] The European Academy of Neurology suggests using a combination of a cholinesterase inhibitor with memantine in patients with moderate to severe AD but notes that the strength of this recommendation is weak.[bookmark: ft39][39] This opinion is only partially shared by some national authorities including the German one, which recommends considering add-on therapy with memantine only in patients with severe AD.


    A fixed-dose combination of donepezil and memantine was launched in the United States in 2015, but the European Medicines Agency rejected the marketing application in 2012.


    Ginkgo Extract


    A standardised extract from Ginkgo biloba leaves (EGb 761) has a long use history in cognitive impairments and dementia. Its efficacy seems to be rooted in the synergy of several compounds, as no single constituent was ever found responsible. There are pronounced vascular effects that might allow the cerebrometabolic component of AD to be treated.


    The positions of national regulatory authorities are inconsistent, with no explicit approval for AD but sometimes broad approvals for dementia. For example, Germany has approved EGb 761 for 'cerebrally caused mental impairments in dementia syndromes' and includes it in the list of drugs whose cost is reimbursable by health insurance. Other countries, such as the United States, consider Ginkgo extracts to be dietary supplements.


    Many clinical studies with EGb 761 have been published, creating a body of evidence that is quite heterogeneous. This is largely because most of these studies were conducted in mixed patient collectives which included AD, vascular dementia and mixed dementia patients. Results have been subjected to meta-analyses which suggest that Ginkgo extract offers improvement over placebo in terms of cognitive performance, ADL and clinical global impression in the treatment of dementia of any type at doses >200 mg/day (usually 240 mg/day) administrated for 22 weeks or longer, with few undesirable side effects.[bookmark: ft40][40]


    A 2016 meta-analysis of 21 randomised clinical trials reported improvements in MMSE and ADL scores of AD patients after 24 weeks of treatment but cautioned that these findings need to be interpreted with caution due to limited sample size, inconsistent findings and methodological quality of included trials.[bookmark: ft41][41] Assessments by German and the UK health-care technology assessment agencies (which usually are very critical of drugs) concur that there are clear indications for cognitive and psychopathology benefits of EGb 761 in AD as well as in other dementia syndromes, and that the possible benefits outweigh the treatment risks. A pharmacoeconomic analysis found the benefit of treatment with EGb 761 (240 mg/day) to correspond to a delay in ADL deterioration by 22.3 months compared to placebo.[bookmark: ft42][42]


    One caveat that applies is a slightly increased bleeding risk. The recommendation to physicians is to warn patients not to take Ginkgo extracts together with aspirin. This is important because both drugs are available over the counter, and in addition, low-dose aspirin is often used chronically to prevent a second myocardial or cerebral infarction. Ginkgo extracts are also often used by the elderly at low dose (120 mg/day) with the intent to prevent dementia, although there are no systematic study data to support this for any dementia, and also not for AD.[bookmark: ft43][43],[bookmark: ft44][44]


    Drug Agents Without Sufficient Evidence


    Vitamin E is a nutritional antioxidant, cheap and Generally Regarded As Safe and often used as a processed food preservative. Because free radicals are broadly involved in neurodegeneration, using a natural scavenger has a reasonable rationale. Indeed AD patients have lower average plasma levels of vitamin E, carotene, lutein and other lipophilic antioxidants when compared with cognitively unimpaired controls,[bookmark: ft45][45],[bookmark: ft46][46] and there is some evidence from animal models. However, clinical trials for AD have not produced conclusive evidence for the effectiveness of Vitamin E in therapeutic or preventive settings. A 2017 Cochrane review found no evidence that the alpha-tocopherol form of Vitamin E given to people with MCI prevents progression to dementia, or that it improves cognitive function in people with MCI or AD, although the authors note a single study suggesting that it may slow functional decline in AD.[bookmark: ft47][47] Results from the PREADViSE study which had followed thousands of initially asymptomatic elderly men at 130 sites, randomised to vitamin E, selenium, Vitamin E plus selenium or placebo, for up to 13 years provided no evidence that either agent prevented AD.[bookmark: ft48][48]


    While Vitamin E precipitated no adverse events in these trials which employed recommended doses, it is worth noting that supraphysiological megadoses have increased the frequency of cardiovascular events in trials that investigated other medical conditions.


    Epidemiological and observational studies have provided suggestions that persons who use common non-steroidal anti-inflammatory drugs have a reduced risk of developing AD.[bookmark: ft49][49] This effect, which is not seen with anti-inflammatory corticosteroids, is also observed in a meta-analysis of cohort studies[bookmark: ft50][50] but randomised controlled trials that have been conducted with aspirin, naproxen, diclofenac, indomethacin and others have never confirmed a protective or therapeutic effect. Given the significant gastrointestinal side effects of these drugs and the cardiovascular risks that are associated with the selective cyclooxygenase-2 inhibitors (the 'coxibs'), especially with long-term use in higher doses, no recommendation can be given at this time in the context of AD prevention or treatment.


    A similar situation exists with post-menopausal hormone therapy: women are more frequently affected by AD than men, and younger age at menopause (spontaneous or surgically induced) is associated with an enhanced risk of developing AD,[bookmark: ft51][51] but again there is no conclusive evidence that oestrogen replacement therapy has preventive or therapeutic effects.[bookmark: ft52][52],[bookmark: ft53][53] Given its well-known risks (thrombosis, ischaemic stroke and mammacarcinoma), hormone replacement therapy should not be used to treat cognitive impairments or to prevent their progression, in post-menopausal women.


    Compounds with various pharmacological mechanisms that are traditionally subsumed under the term 'nootropics' have a decades-long history of use to treat dementia syndromes. Piracetam, semi-synthetic ergot alkaloids (nicergoline and hydergine), certain calcium channel blockers such as nimodipine, and other agents belong in this category. None has produced robust evidence of effectiveness in AD. Cerebrolysin (an injectable standardised peptide product from porcine brain) is, to a degree, an exception: a recent meta-analysis has shown 30 ml/day to be significantly more effective than placebo at 4 weeks and 6 months in terms of combined effect of global clinical change and cognitive function, although the improvement in cognition alone was not clinically relevant.[bookmark: ft54][54] This is not sufficient to recommend use of cerebrolysin, which is mainly popular in Eastern Europe and Asia, for general use in AD.


    Medical Foods


    Medical foods (a misnomer because they are not foods in the common meaning of the term; rather, they are intended to compensate specific nutritional deficiencies) occupy an interesting intermediate position between nutritional supplements and over-the-counter drugs. They are available without a prescription and are generally not reimbursed by healthcare providers.


    Several medical foods that claim to improve neurotransmission and stabilise neuronal membranes in dementia are available on major national markets; the most established trade names are Acutil®, Axona®, Cerefolin® and Souvenaid®. They contain ω3-unsaturated fatty acids and phospholipids, antioxidants, vitamins and trace elements; Acutil® also contains a Ginkgo extract at low dose.


    At present Souvenaid® (which is composed of docosahexaenoic acid and its precursor eicosapentaenoic acid, uridine, choline, folate, Vitamins B6, B12, C and E, phospholipids and selenium) is the product with the best preclinical and clinical evidence in AD. In patients with mild AD who had not yet been treated with cholinesterase inhibitors, improvements were found in some cognitive and neuropsychiatric parameters, but no significant additional improvements on the ADAS-Cog scale were seen overall in patients with mild or moderate AD who were treated with approved dementia medications and took Souvenaid® as an add-on. A meta-analysis of these randomised trials found only non-significant differences versus placebo in cognition and function.[bookmark: ft55][55] However, Souvenaid® does not seem to have side effects when taken at the recommended dose and might confer benefits in early AD.


    Drugs for the Treatment of Non-Cognitive Symptoms


    BPSD describes the non-cognitive psychopathology that develops because of structural and metabolic changes in the degenerating brain, usually from multifactorial causes. Their prevalence is high and increases with the severity of cognitive decline.[bookmark: ft56][56] Depression and apathy are common in AD patients; anxiety, irritability, agitation, aggression and other challenging behaviours are often triggered by hallucinations and other psychotic symptoms, or by seemingly innocuous changes in the patients' physical or social environment. BPSD are frequently experienced as being more burdensome for the patient and the caregivers than cognitive impairment. They are usually quantified by the Neuropsychiatric Inventory (which captures 12 domains of psychiatric and behavioural symptoms), or more specifically by the behavioural pathology in AD (BEHAVE-AD) scale.


    Little Non-Cognitive Benefit from Approved Alzheimer Drugs


    Randomised controlled trials with cholinesterase inhibitors frequently employ these scores as secondary endpoints. The Cochrane meta-analyses of such studies indicate no benefit for donepezil,[bookmark: ft57][57] a minimal (but clinically irrelevant) benefit galantamine[bookmark: ft58][58] in mild and moderate AD, and an equally minimal effect of memantine in moderate-to-severe AD [ref. 36].


    In summary, approved antidementives do not seem to have had a discernible overall benefit for BPSD in controlled trials. Individual experiences can of course differ. There are many anecdotal reports from caregivers to the effect that BPSD of moderately progressed AD patients might worsen when successful treatment temporarily improves their impaired cognition, probably because they regain some insight into their condition. This phenomenon had not been systematically investigated.


    This leaves the physician with the established non-AD-specific drugs to treat those facets of BPSD that cannot be managed by psychosocial interventions: Antidepressants and anxiolytics for depression and anxiety, antipsychotics for hallucinations and aggression. Very often this presents a therapeutic dilemma because many of these psychotropic drugs worsen cognition or other features that are already impaired in the vulnerable AD patients.


    It is self-evident that drugs with anticholinergic potential should be avoided in AD patients, who already suffer from a cholinergic deficit. Sedating medication will also compromise cognition and can increase risk of falls. Finally, the increased risk of drug interactions in polypharmacy, which is especially severe in the elderly, has to be considered.


    As far as clinical or caregiving circumstances allow, drug therapy of BPSD in AD should be considered only as an add-on to psychological interventions. These will include the systematic ones described for cognition but could be as simple as giving the patient emotional attention and providing a suitably adapted living environment.


    Selective serotonin reuptake inhibitors for depression


    It is unknown whether the etiology of depressive disorders in AD patients is fundamentally different from that of non-demented individuals, although this could be of crucial importance for drug therapy. Old tricyclic antidepressants have significant anticholinergic effects; while they might have the same or better antidepressant effect as selective serotonin reuptake inhibitors, they are clearly inferior in general dementia patients in terms of severe adverse events and dropout rates. This has been demonstrated in several randomised active-comparator trials, for example, for imipramine versus paroxetine[bookmark: ft59][59] and amitriptyline versus fluoxetine.[bookmark: ft60][60] In a recent meta-analysis of studies with AD patients, the overall efficacy of antidepressants of all types was absent, although the quality of the evidence was moderate because of methodological limitations in studies and the small number of trials.[bookmark: ft61][61] Nevertheless, surveys show a significant percentage of AD patients being treated with antidepressants because individual studies published during the past two decades (see above) did show some effect; this is also reflected in most national treatment guidelines, which only warn against tricyclic antidepressant.


    In contrast, there is no evidence, and no recommendation, for using benzodiazepines to treat anxiety in dementia.


    Antipsychotics: Effective but potentially problematic


    While haloperidol should be avoided because of its propensity to extrapyramidal side effects, many countries have approved the atypical antipsychotic, risperidone to treat psychosis and chronic severe aggression in dementia patients. Of the other atypical antipsychotics, aripiprazole can be considered as an alternative while olanzapine should be avoided because of its anticholinergic effect. However, this is a measure of last resort, and the use of risperidone in otherwise intractable psychomotor agitation should be limited to brief periods. The practice of routinely administering antipsychotics as sedatives at bedtime (still common in some nursing institutions) must be firmly rejected. A Cochrane meta-analysis has confirmed the efficacy of risperidone with respect to agitation and aggression in dementia, but it has also documented increased frequency of cerebrovascular events, extrapyramidal symptoms and increased overall mortality.[bookmark: ft62][62]


    Irregular Sleep Patterns


    Disturbed night rest and circadian rhythm desynchronisation are very common in AD,[bookmark: ft63][63] and extremely burdensome for caregivers. However, popular hypnotics must be used with great caution because they compromise cognition and increase the risk of falls. Melatonin improves neither sleep nor agitation in institutionalised AD patients,[bookmark: ft64][64] and neither does light therapy in the morning alone; but a combination of both increased daytime wake time and activity levels and strengthened the rest-activity rhythm in a small clinical study.[bookmark: ft65][65] In the absence of recently published research, no recommendation is being given; on the other hand, there is hardly any potential for harm.


    Non-Pharmacological and Behavioural Interventions


    Well-controlled interventions that do not involve drug therapy can not only improve BPSD but also maintain or improve patient's cognitive function and their ADL. Non-pharmacological interventions are a safe additional treatment option with fewer side-effects than pharmacological therapy and can be divided into four categories: Cognitive methods, holistic technics, brief psychotherapies and alternative methods.[bookmark: ft66][66]


    [Table - 2] summarises the non-pharmacological approaches for the management of common behavioural symptoms and mood disorders (AD Program, California Department of Public Health).[bookmark: ft67][67]
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        	Table 2: Summary of general non-pharmacological treatment strategies for non-cognitive symptoms of Alzheimer's disease

        

        Click here to view
      

    


    The formal treatment strategies are discussed below. A general problem encountered with the assessment of non-pharmacological interventions is that methodological difficulties and small and heterogeneous sample sizes tend make their interpretation difficult, although there have been welcome improvements in the quality of research. The lack of funding for such studies, which are not backed by industry, is a significant factor in this respect.


    Cognitive stimulation therapy


    Participants in several randomised, controlled studies exhibited improvement in cognition, quality of life, well-being, social engagement and depressive symptoms. Meta-analyses have confirmed this[bookmark: ft68][68],[bookmark: ft69][69] with the Cochrane review demonstrating clear consistent benefit (standardised mean difference 0.41; 95% CE; 0.25–0.57). This remained evident and at follow-up one to 3 months after the end of treatment. There was also some evidence of cost-effectiveness. Other key issues that are related to the use of Central Standard Time are addressed by on-going clinical trials.[bookmark: ft70][70] The WHO mental health-care action programme (mhGAP) calls for the development of cognitive stimulation interventions in which caregivers can be trained to deliver programmes at home and in the community.[bookmark: ft71][71]


    Reminiscence therapy


    In dementia patients, long-held memories can remain and are often easily accessible. Reminiscence therapy (RT) encourages patients to speak about past events and their special memories. Tangible aids such as personal belongings, photographs, movies and music are used to evoke memories and stimulate conversation and discussions. RT involves the discussion of memories and past experiences and is administered on an individual basis or in a group setting, focusing on free recall of memories or in the context of a focused life-review. A small size effect of cognitive function and a moderate size effect on depressive symptoms were reported, and RT had no harmful effects.[bookmark: ft72][72],[bookmark: ft73][73] This has also been found In AD patients specifically.[bookmark: ft74][74],[bookmark: ft75][75] There are on-going efforts to support reminiscence and conversation therapy with the newest digital technologies.[bookmark: ft76][76]


    Reality orientation training


    Reality orientation training (ROT) helps patients with dementia by orienting to time and place. In group sessions, facilitators present personal and current information, calendars, maps, games, puzzles and reality orientation boards are used. In a systematic review of 43 studies of ROT cognitive and behavioural benefits could be documented.[bookmark: ft77][77]


    Validation therapy


    Validation therapy (VT) posits that confusion in dementia patients represents an escapist strategy to avoid stress, boredom and loneliness. VT focuses not on what is factually correct but rather on the patient's feelings in the moment of confusion. The facilitator (i.e. the clinician or caregiver) has the responsibility to validate the patient's emotions, and not to focus on the confusion. VT can alleviate stress, increase contentment and decrease behavioural disturbances.[bookmark: ft78][78]


    Music-based therapy


    MT interventions have been extensively examined. A recent Cochrane review included 22 studies with 1097 randomised inpatients, suffering from dementia of varying degrees of severity.[bookmark: ft79][79] Seven studies delivered an individual music intervention; all others were group interventions. Most interventions involved both active and receptive musical elements. There was low-quality evidence of improvement of emotional well-being, quality of life, reduction of anxiety and depressive symptoms and overall behaviour problems. MT does not improve cognition or decrease agitation or aggression.


    Simulated presence therapy


    Simulated presence therapy (SPT) is a new possible approach to treat BPSD that playing video or audio tape recordings of family members to dementia patients. In a Cochrane review, three trials with 144 patients met the inclusion criteria. All the studies compared multiple treatments and the authors were uncertain regarding all the results, and they were unsuitable for a meta-analysis.[bookmark: ft80][80] Additional high-quality studies are needed to investigate the effect of SPT.


    Conclusion


    Pharmacological therapy of AD in all its dimensions has effectively stalled for the past 15–20 years. We do not have drugs available that consistently modify the chronically progressive cognitive decline and impairment of daily living. The components of BPSD have to be treated with drugs that have not been developed for use in AD patients, and often counteract whatever cognitive and ADL benefit cholinesterase inhibitors and memantine can provide. On the other hand, AD will take an individual course in patients. This makes it even more essential to use drug therapy judiciously while adhering to the basis of evidence provided by the analysis of clinical trials, carefully balancing risks and potential benefits on an individual basis. Several of the alternative treatments that have been investigated but do not have their final word out in terms of efficacy have so few (if any) side effects that using them as add-on to approved therapies would seem to carry minimal risk. This applies especially to medical foods and light therapy. As long as, our understanding of the ultimate cause of AD in incomplete, we should look for subgroups that respond to such treatments even if the benefit does not show in the large-scale statistics of pooled meta-analyses.


    Non-pharmacological interventions will always have to occupy a special and essential place in therapy. While not all of them might be equally effective, and none of them can fundamentally modify the course of AD, they do not adversely interfere with the effects of any drugs, and may provide remarkable (if only transient) individual benefits. Furthermore, they add the essential human element which tends to get lost in pure drug therapy.
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  Table 1: Key parameters for the cholinesterase inhibitors approved for the treatment of Alzheimer's disease
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  Table 2: Summary of general non-pharmacological treatment strategies for non-cognitive symptoms of Alzheimer's disease
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Agent Presentation Dosing Recommended daily start dose Maximal daily dose Minimal daily
interval effective dose
Donepezil  Tablets (5 mg. 10 mg) Oncedaily 5 mg at bedtime 10mg Smg
Galantamine  Sustained release capsules  Once daily  § mg in the morning 24mg 16 mg
(8.16,24 mg)
Drinking vial (4 mgin 1ml) Twice daily 4 mg in the morning and at bedtime
Rivastigmine ~ Capsules (1.5.3.45.6mg)  Twice daily 1.5 mg in the morning and at bedtime 12mg 6mg
Drinking vial Q mgin 1ml) Twice daily 2 mg in the morning and at bedtime
Transdermal system (46, Oncedaily 4.6 mg 13.3 mg (if clinical progression 95mg

9.5, 13.3 mg/day)

is seen after 6 months at 9.5 mg)
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Symptom

Non-pharmacologic intervention

Apathy

Eating/appetite
disorders

Irsitability
agitation

Mood disorders

Peychotic
disorders

Sleep
disturbances

Wandering

Stimulation/activities
Simple tasks
Offering simple, finger foods
Removal of distractions from dining area
Soothing nusic
Break down tasks into simple steps
Redirection
Exercise
Reassurance

Distraction rather than confrontation

Removal of potential sources of confusions, for
example, mirrors

Take steps to maintain regular, good quality sleep
Stimulation during the day (especially adult day
services)
Reduction in excessive stimulation/noise in the
evening

Visual cues
Exercise
Safe places fo wander
Enrolment in wandering assistance schemes
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