

  

    

      

    

  




  




  

    Frontiers in Clinical Drug Research- Alzheimer Disorder




    (Volume 5)




    

      


    




    Edited By




    

      


    




    Atta-ur-Rahman, FRS




    

      Kings College

    




    

      University of Cambridge

    




    

      Cambridge

    




    

      UK

    


  




  




  




  

    


    


    


    


    


    


  




  

    

      BENTHAM SCIENCE PUBLISHERS LTD.




      

        End User License Agreement (for non-institutional, personal use)




        This is an agreement between you and Bentham Science Publishers Ltd. Please read this License Agreement carefully before using the ebook/echapter/ejournal (“Work”). Your use of the Work constitutes your agreement to the terms and conditions set forth in this License Agreement. If you do not agree to these terms and conditions then you should not use the Work.




        Bentham Science Publishers agrees to grant you a non-exclusive, non-transferable limited license to use the Work subject to and in accordance with the following terms and conditions. This License Agreement is for non-library, personal use only. For a library / institutional / multi user license in respect of the Work, please contact: permission@benthamscience.org.


      




      

        Usage Rules:




        

          	All rights reserved: The Work is the subject of copyright and Bentham Science Publishers either owns the Work (and the copyright in it) or is licensed to distribute the Work. You shall not copy, reproduce, modify, remove, delete, augment, add to, publish, transmit, sell, resell, create derivative works from, or in any way exploit the Work or make the Work available for others to do any of the same, in any form or by any means, in whole or in part, in each case without the prior written permission of Bentham Science Publishers, unless stated otherwise in this License Agreement.




          	You may download a copy of the Work on one occasion to one personal computer (including tablet, laptop, desktop, or other such devices). You may make one back-up copy of the Work to avoid losing it. The following DRM (Digital Rights Management) policy may also be applicable to the Work at Bentham Science Publishers’ election, acting in its sole discretion:


        




        

          	25 ‘copy’ commands can be executed every 7 days in respect of the Work. The text selected for copying cannot extend to more than a single page. Each time a text ‘copy’ command is executed, irrespective of whether the text selection is made from within one page or from separate pages, it will be considered as a separate / individual ‘copy’ command.




          	25 pages only from the Work can be printed every 7 days.


        




        3. The unauthorised use or distribution of copyrighted or other proprietary content is illegal and could subject you to liability for substantial money damages. You will be liable for any damage resulting from your misuse of the Work or any violation of this License Agreement, including any infringement by you of copyrights or proprietary rights.




        

          Disclaimer:




          Bentham Science Publishers does not guarantee that the information in the Work is error-free, or warrant that it will meet your requirements or that access to the Work will be uninterrupted or error-free. The Work is provided "as is" without warranty of any kind, either express or implied or statutory, including, without limitation, implied warranties of merchantability and fitness for a particular purpose. The entire risk as to the results and performance of the Work is assumed by you. No responsibility is assumed by Bentham Science Publishers, its staff, editors and/or authors for any injury and/or damage to persons or property as a matter of products liability, negligence or otherwise, or from any use or operation of any methods, products instruction, advertisements or ideas contained in the Work.


        




        

          Limitation of Liability:




          In no event will Bentham Science Publishers, its staff, editors and/or authors, be liable for any damages, including, without limitation, special, incidental and/or consequential damages and/or damages for lost data and/or profits arising out of (whether directly or indirectly) the use or inability to use the Work. The entire liability of Bentham Science Publishers shall be limited to the amount actually paid by you for the Work.


        


      




      

        General:




        

          	Any dispute or claim arising out of or in connection with this License Agreement or the Work (including non-contractual disputes or claims) will be governed by and construed in accordance with the laws of the U.A.E. as applied in the Emirate of Dubai. Each party agrees that the courts of the Emirate of Dubai shall have exclusive jurisdiction to settle any dispute or claim arising out of or in connection with this License Agreement or the Work (including non-contractual disputes or claims).




          	Your rights under this License Agreement will automatically terminate without notice and without the need for a court order if at any point you breach any terms of this License Agreement. In no event will any delay or failure by Bentham Science Publishers in enforcing your compliance with this License Agreement constitute a waiver of any of its rights.




          	You acknowledge that you have read this License Agreement, and agree to be bound by its terms and conditions. To the extent that any other terms and conditions presented on any website of Bentham Science Publishers conflict with, or are inconsistent with, the terms and conditions set out in this License Agreement, you acknowledge that the terms and conditions set out in this License Agreement shall prevail.


        




        

          

            	

              Bentham Science Publishers Ltd.


              Executive Suite Y - 2


              PO Box 7917, Saif Zone


              Sharjah, U.A.E.


              Email: subscriptions@benthamscience.org


            



            	[image: ]

          


        


      


    


  




  




  




  

    PREFACE




    


    


    


    


    


  




  

    The book series, “Frontiers in Clinical Drug Research – Alzheimer Disorders” presents some important advancements in the field in the form of cutting edge reviews written by eminent experts.




    Chapter 1 by Paul David Dash discusses the significant impact of cognitive impairment on a number of clinical matters. The author briefly explains the pros and cons of some of the numerous cognitive screens that can be utilized for screening purposes.




    Chapter 2 Zaciragic et al. discuss the detrimental vascular changes that lead to consequent amyloid- β accumulation. This in turn leads to dementia. Moreover it provides a comprehensive insight into currently available evidence on molecular pathways and factors implicated in the above mechanisms. The findings from ongoing clinical trials and results from studies using novel pharmacological approaches to target endothelial dysfunction and chronic low-grade inflammation as pathophysiological events that contribute to the onset and development of dementia disorders are summarized.




    Choo & Grubman in chapter 3 present an update on the prevailing mechanistic hypotheses, to explain AD pathogenesis, including the cholinergic, amyloid-cascade, inflammatory and metal dyshomeostasis theories. They present the recent clinical developments in therapies targeting each of the hypotheses, and highlight promising areas requiring further attention.




    In chapter 4, Mareii et al. highlight the recent thinking against the long standing amyloid cascade hypothesis as well as the major efforts in the experimental application of stem cell based therapies used as treatment options for AD. Demarin et al., in chapter 5 emphasize on the early disease detection and delaying cognitive impairment via various lifestyle modifications.




    In chapter 6, Matei et al. present the methods of extraction, identification and quantification of the active compounds from various vegetal products e.g. curcuminoids, ellagic acid, gallic acid, salvianolic acid B, resveratrol and epicagallocatechin-3-gallate that can target the causative agent of Alzheimer’s disease.




    The 5th volume of this book series represents the results of a huge amount of work by many eminent researchers. I am grateful to the authors for their excellent contributions. I would also like to express my gratitude to the editorial staff of Bentham Science Publishers, particularly Mr. Mahmood Alam (Director Publication), Mr. Shehzad Naqvi (Senior Manager Publications) and Ms. Fariya Zulfiqar (Assistant Manager Publications) for their hard work and persistent efforts.




    

      Prof. Atta-ur-Rahman, FRS


      Kings College


      University of Cambridge


      Cambridge


      UK
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      Abstract




      The question of possible benefits of physicians screening for dementia in elderly patients in the outpatient setting remains open. Although no controlled studies have thus far been able to conclusively demonstrate that doing so is in fact beneficial, the end points of such studies, such as mortality, are rather crude. Increasingly, there are arguments that harder to track end points need to be examined in more detail, and that earlier recognition of cognitive impairment can potentially have a significant impact on a number of clinical matters. These include, for example, recognition of potential problems with medication compliance, driving risk, predicting post-operative delirium, and allowing more time for patient and family planning of finances and living arrangements, as well as recommending life style changes in diet and exercise habits that may help retard the progression of early cognitive impairment. In this article we will discuss evidence regarding these points, and also give a brief outline of the pros and cons of some of the numerous brief cognitive screens that can be utilized for screening purposes.
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      INTRODUCTION




      This article addresses a central question: can screening for dementia make a meaningful difference in patient care and outcomes? There are several components to this question. What makes up a “meaningful difference” in patient




      care? What makes up a “meaningful difference” in patient outcome? What patient outcomes are we talking about exactly? For example, not only longevity, but also quality of life for the patient and caregiver, and intangible outcomes such as better ability for the patient and family to plan for the future must be taken into account and may be difficult or even impossible to quantify. Another question before deciding to proceed with dementia screening is whether its benefits outweigh the risks. For example, a false positive screen can lead to costly additional testing and unnecessary anxiety. An additional question, if we decide in favor of screening for dementia, is what instruments to use as the screening tools. (We should note that we may use Alzheimer’s and dementia somewhat interchangeably in this article; Alzheimer’s disease is of course the most common cause of dementia in the elderly, and some studies take steps to try to exclude other forms of dementia).




      Several reviews on this topic have been published previously. In 2003, the US Preventive Service Task Force published its review, with the conclusion that there was not enough evidence to support routine dementia screening [1]. Subsequently, a work group convened by the Alzheimer’s Foundation of America and the Alzheimer Drug Discovery Foundation in 2011, which included the lead author in the 2003 study, argued that screening could be helpful in improving dementia detection and treatment [2]. Some of the same authors including myself have also argued previously for the value of dementia screening, pointing out several of the possible advantages discussed in detail below [3].




      Screening for a disease can happen at the population or individual level. Examples of population screening include national level decisions to do mass screenings of subpopulations for a disease, such as mammography for women over a certain age for breast cancer, or colonoscopies for those over 50 for colon cancer. Individual level screening, also known as case finding, occurs at the individual patient-physician level. Examples include routine blood pressure checks at every doctor visit, or somewhat more controversially, PSA screening for older men. The focus here is on identifying existing disease in those who don’t know they have it. This article is concerned only with the case finding level of screening, as the title implies.


    




    

      Section 1: SHOULD WE SCREEN FOR DEMENTIA?




      

        Considerations in Screening for a Disease




        Before we even get to the question of screening for dementia specifically, we need to consider generally what makes a disease worth screening for, and see whether dementia fits into that category. There are several obvious and not so obvious criteria for a disease to be considered worth screening. Although detailed criteria for screening have been developed by WHO (the Wilson criteria in 19681, and subsequently revised in 20082), in my opinion the following simplified considerations are among the most important:




        

          	The disease should be prevalent and costly enough to make screening for it worthwhile;




          	Early stages of the disease should not be obvious, such that a screening tool to uncover it is necessary;




          	The screening tool should not be overly costly in terms of expense and physician time and must be reasonably effective;




          	The potential harm in a false positive or false negative diagnosis via screening does not outweigh the net benefit (which includes potential benefits from a true negative diagnosis as well as the true positives). “Harm” can reflect medical costs, such as those incurred by getting other tests in pursuit of a screen testing, as well as human suffering and other intangibles;




          	Making an earlier diagnosis actually makes a difference in disease outcome compared to later diagnosis. Obviously this is the key question.


        




        These factors can interplay with one another. For example, on the population screening level, phenylketonuria is rare, but the screening is cheap and the treatment effective, so it along with some other rare metabolic diseases are routinely checked in newborns. On the other hand, even if earlier treatment makes only a small difference, for a common disease with inexpensive screening tests it may still be worthwhile to screen. Of course, the precise econometric values for earlier intervention savings may be impossible to quantitate. As we shall see, dementia qualifies easily on the first four criteria, but arguments persist about the fifth. That makes the decision to screen worthy of further discussion.




        In the United States, a recent development that will likely push doctors to screen for dementia comes from a provision in the Affordable Care Act (aka Obamacare) where primary care doctors are reimbursed via Medicare for annual wellness visits, part of which includes an assessment of “any cognitive impairment”, via “direct observation, with due consideration of information obtained by way of patient report, concerns raised by family members, friends, caretakers or others”. Exactly how to do that is not specified, but as we shall see, “direct observation” by physicians is often faulty in early dementia, patient self-report is often unreliable, and family may overlook or minimize cognitive impairment in their loved ones.




        

          Does Dementia Pass Muster as a Disease Worthy of Screening?




          Let us now consider in more depth whether dementia fulfills the above 5 criteria to make it worthy of screening.


        




        

          CRITERION 1: How Prevalent and Costly is Alzheimer’s disease?




          This question can be answered in a single word—“very”. Dementia is an enormous public health problem in the developed world and in the United States only promises to get worse with the aging of the baby boomer population [4].


        




        

          CRITERION 2: Are Early Stages of Dementia not Obvious?




          There is plenty of research on this question, and the answer is yes. Studies show that primary care doctors often miss the diagnosis of early Alzheimer’s disease. Social skills are often preserved in early AD, and hence if the patient is coming in for some reason other than cognitive issues, the presence of a significant disturbance in memory may well go unnoticed unless directly assessed. Also, many patients with AD may have anosognosia (lack of recognition of disease) for their memory problems, and deny they have difficulties when asked directly a question such as “Have you noticed any memory trouble as you’ve been aging?” If they answer “no” to that question, it can either be accurate, or it can be a symptom of their disease! Family members are often more cognizant than the patient of failing memory, but even here they may make excuses for the patient (“they’re not that bad; they still recognize the grandchildren”) or just assume it’s a feature of normal aging. We will have more on this topic later.


        




        

          CRITERION 3: Are Screening Tools Cheap and Effective?




          Another fairly easy “yes” answer. We will consider specific screening tools used by physicians in more detail later, such as the MMSE and MoCA, and the author’s Q&E test, but generally these take only a few minutes (in the Q&E, less than 2 minutes) to administer and have reasonable sensitivity and specificity values, and cost nothing in terms of equipment needed. Needless to say, the potential use of florbetapir PET (amyvid) scans as a screening tool is not an option for the foreseeable future, given that its cost is north of $5000.


        




        

          CRITERION 4: Does the Potential Harm from a False Positive or False Negative Test Outweigh the Positive Benefit from Screening?




          I believe the answer here is no. We’ll discuss the positive benefits from screening in more detail in the next section.




          A false positive screening test means a person is incorrectly identified as having a cognitive problem when in fact they don’t. There are several adverse consequences that could potentially flow from this. First, the patients would likely experience unnecessary anxiety that they are developing dementia. Though no formal studies have been done on the magnitude of this potential problem, one can imagine that the responses would vary widely. Some patients would not believe the doctor, and feel the test was in error. For these patients, a false positive result might erode trust in the doctor-patient relationship. On the other extreme, some patients might panic and feel the worst is at hand, and make significant changes in their lifestyle as a result (“what the heck, may as well splurge on that big vacation since in a year I’ll be too demented to enjoy it anyway”). Second, a false positive test might encourage the doctor to embark on an unnecessary diagnostic work-up with obtaining laboratory and imaging studies. Depending on the results, these in turn could provoke further studies if something is found that could result in a wild goose chase. I’m sure all experienced physicians have encountered the situation where a diagnostic test, ordered on shaky grounds, turns out to be abnormal or questionable, resulting in more tests which ultimately prove the original test to be a lab error or irrelevant to the patient’s health.




          However, it’s important to understand as well that the results of a positive test need to first be filtered by the physician and taken in context, which can mitigate these potential harms. For example, in a patient who seems superficially at least to be cognitively normal and intelligent, at a minimum it would be worthwhile to check on the results of the first screening test by administering a second brief test. So if I get an unexpectedly abnormal result on my Q&E test, I’ll administer another test such as the MoCA or the Hopkins verbal learning test before accepting the results of the Q&E as being potentially valid. Some patients may have a lot of test anxiety that can interfere with performance, and that must be considered as well. Patients with a low IQ or limited educational background may also fail the test and not necessarily have a degenerative disorder. These tests also have generally not been validated for patients with major psychiatric disorders. Abnormal results in such people could potentially be real, as neuropsychological difficulties are well documented to occur in schizophrenia or major depression, but again not necessarily point to a dementing process. In general, if an apparently normal patient passes the second cognitive test after failing the first one, the physician could simply ignore the first test results and tell the patient that basically they did fine, or alternatively could say that although there probably is not a problem, that we would recommend that the patient return in 6-12 months to be rechecked, preferably with a family member to get outside perspective on the patient’s functioning. Another alternative course of action, particularly if the person also flunks a second screening test, would be to refer the patient to a neuropsychologist for an in-depth assessment, although many patients find the many hours involved somewhat arduous and the costs are sometimes not covered by insurance. So judicious interpretation by the physician of a positive test result would likely ameliorate most of the potential harm done.




          How about the potential harm done by a false negative test? Here the patient and doctor would be falsely assured that there is no problem when in fact one exists. This situation, though, basically defaults to the case where no screening test was administered in the first place and the problem is not discovered, and the harm done corresponds to the loss of the potential benefit of earlier diagnosis. A special situation here, though, is the case where the patient and/or family feels memory loss is a problem, and yet the screening test is negative. Again, judicious interpretation and action by the physician can save the day. Taking the time to administer additional cognitive screening tests would be one approach. A discussion of the nature of “subjective memory complaint” may also be in order in these situations. Many studies have been done on the topic of elderly patients with cognitive complaints not verifiable with standard testing, and the overall results indicate that they are at somewhat higher risk of progressing to dementia than those without such complaints, but not at as high a risk of those with complaints and abnormal performance on testing; see below under Section 2 for further discussion.It’s extremely important to try to find other factors that may account for the patient’s complaints. Inspection of their medication list and questioning regarding possible alcohol and substance abuse is a must, as is consideration of their lifestyle, social situation, psychological background, and existing stressors. Sleep apnea and other sleep disturbances are commonly overlooked possibilities in these situations, and of course are also important to think about in patients with MCI and dementia as complicating factors. Generally, in the case where there are no clearly identifiable factors for the patient’s memory complaints, a reasonable course of action for the physician is to simply reassure the patient that there is no evidence that there is a problem at this time, but that it is perfectly reasonable to keep an eye on the situation and to return in 6-12 months, particularly if they or the family feel it’s worsening.




          The above discussion outlines the potential harms caused by a false positive or false negative result. Before turning to the potential benefits of a true positive test, we’ll briefly mention the benefits of a true negative result here. This is the situation where the screening test is negative and in fact no problem exists. The potential benefits are two-fold. First, the patient is provided some reassurance that everything is fine, which could potentially alleviate the anxiety sometimes produced with the inevitable “senior moments” that are universal as a person ages. Second, the results serve as a baseline should problems occur in the future. Not uncommonly, for example, controversy may arise in the situation where cognitive worsening is noted after an illness or operation, and the question arises whether or not there was unrecognized cognitive impairment prior to the incident, and here the results of a negative screening test can be pointed to as proof that there wasn’t. And in general a negative screening test outlines the maximum time cognitive impairment was present, should it subsequently develop. Once again, however, there are no formal studies to confirm these clinical impressions.


        




        

          Criterion 5: Does Earlier Diagnosis of Dementia or Cognitive Impairment Make a Difference?




          This is by far the most contentious of the proposed criteria. It would be far less so if we had an agent that could arrest or even reverse the course of the disease (in the latter case, especially if it was effective only early on). At present, despite intense interest in developing such an agent, none have been proven, although there is indeed speculation that the failure of anti-amyloid agents thus far is because they were not started early enough in the disease. But given the current state of the art, we need to carefully consider the meaning of this question.




          The first thing to ask here, is “make a difference” in what? What outcome measures are we talking about? There are several that might be considered. Mortality is traditionally the most common metric used when considering whether early diagnosis makes a difference, as in cancer screening programs, and has the virtue of having a definitive end point. Thus far, no studies have been able to establish that dementia screening makes any difference in mortality. Surrogate end points, such as time to nursing home placement, have been looked at some years ago in relationship to whether donepezil delayed it, with controversial results (see below). The problem here, and with other such end points that use time to reach a particular point (score on a cognitive test, loss of this or that function, progression from mild to moderate stage etc.) is that naturally if we are diagnosing the disease earlier via a screening test, it’s going to take longer to reach any such endpoint in comparison with people who are already further along when you start timing. In fact, only if we have an intervention that can modify disease course is there some hope of establishing that earlier diagnosis makes a difference. Although as mentioned at present there are no proven pharmacologic agents for this purpose, there may be lifestyle interventions that make a difference, such as diet and exercise, which we will discuss in more detail shortly.




          There are several other things to consider, though, regarding whether detection of dementia makes a difference. Some of these may be very hard to quantify but may be important nonetheless. For example, from the family’s perspective, earlier dementia diagnosis could potentially:




          

            	Enable the family to l better plan ahead for the future, with moving to accomplish such things as getting power of attorney set up and considering what changes in living situation may be required in the future;




            	prompt a consideration of assessment of driving competence;




            	lead to an assessment, if the patient is managing finances or still working, whether they are doing so competently and how much additional oversight might be needed;




            	checking whether the patient is taking their medications appropriately and intervening if needed;




            	lead to an identification of a potentially reversible dementia.


          




          Let us now consider these potential benefits in more detail.


        


      




      

        Potential Non-Disease Indirect Benefits of Screening for Dementia




        

          Potential Benefit of Early Detection #1: Alerting Physician to Potential Medication Compliance Problems




          From the physician’s perspective, earlier diagnosis is important in considering potential medication compliance problems. For example, if the patient is forgetting to take their blood pressure medication properly, and the doctor is not aware of this, then additional medications may be prescribed inappropriately. Even if the physician asks the patient directly if they are sure they are taking their medications, the patient may give a mistakenly positive answer. Obviously, medication compliance is critical in success in managing medical conditions.




          There is some literature on the relationship of cognitive impairment to medication compliance in the elderly population. In one study, patients with dementia had a 2-3 fold higher risk of taking too much or too little of their prescribed medications after hospital discharge [5]. In their review article [6] on this subject in Drugs and Aging in 2008, Arlt et al. point out the importance of cognitive impairment on medication compliance, and review strategies for improving it, such as giving additional instructions and family intervention. They also point out that cognitive impairment is often unrecognized in the outpatient setting. More recently, Eliot et al. [7] have also reviewed the literature on the problem of medication nonadherence from 2003-13, and conclude “that as cognitive impairment progresses, the ability to plan, organize, and execute medicine management tasks is impaired, (there is) increased risk of unintentional non-adherence, medication errors, and preventable medication-related hospital admissions”.


        




        

          Potential Benefit of Early Detection #2: Alerting Physicians to the Risk of Post-Operative Delirium




          Post-operative delirium after surgery in elderly patients is an all too common problem that adds significantly to costs and hospital morbidity and mortality. In a study of elderly patients undergoing hip surgery, overall nearly a quarter of them developed post-op delirium, with the risk being higher in the hip fracture group versus the elective group [8]. Indeed, the development of post-op delirium itself may increase the risk of subsequent cognitive decline and dementia [9]. One of the major risk factors for post-operative delirium is pre-existent cognitive impairment [10]. Other known risk factors include age, exposure to perioperative narcotics and benzodiazepines and history of previous delirium episodes. For the average elderly patient facing elective surgery, it is important to know what their baseline cognitive capacities are, as measured by a dementia screening test, for two reasons. First, it establishes a quantitative measure which can be compared to their post-operative abilities. The question frequently arises, for example, when the family complains that the patient’s memory has been worse post-op if this is indeed new or whether it is simply being noticed for the first time because they are more attentive. Second, and even more important, it can allow the doctor to consider instituting measures that may prevent post-op delirium.




          In their comprehensive review of preop risk factors for postop delirium after hip fracture repair, Oh et al. conclude that cognitive impairment was one of the strongest predictors, and that “preoperative cognitive assessment may be one of the most useful methods of identifying those who are at high risk of postoperative delirium and prioritizing delivery of delirium prevention measures” [11]. They cited six studies where preop cognitive impairment had the largest effect size compared to others, such as age and polypharmacy. Furthermore, delirium is potentially preventable, at least in part. The HELP (Hospital Elder Life Program) was introduced in 1999 as a multicomponent nonpharmacological approach to preventing delirium [12]. The program includes such things as cognitive stimulation activities, orientation board, early mobility, sleep-wake cycle preservation, attention to hydration, and measure to improve vision and hearing. In their review of the literature on implementing such programs, Tsieh et al. conclude that they are indeed helpful in reducing not only delirium but falls [13]. Therefore, an important study that has not yet been done would consist of usual care versus implementing cognitive screening as part of routine preoperative assessment and for those with cognitive impairment institute delirium prevention measures, with the outcome measure being delirium incidence.




          Of note, in a study of an elderly cohort undergoing elective surgery, patients who scored lower on a category fluency test (animals in a minute, see below) and recall scores were at higher risk of developing delirium [14]. In another study of elderly patients undergoing elective joint arthroplasty, patients with preoperative decreased verbal memory scores, along with age, history of psychiatric illness, and functional status, were also at higher risk of postoperative delirium [15].




          Several brief tests, some of which are discussed further in Section 2, are reviewed in a paper by Long et al. as suitable for “practical preoperative screening tools” [16].


        




        

          Potential Benefit of Early Detection #3: Additional Time for Family Planning




          A diagnosis of dementia raises profound consequences for the family as well as the patient, and there are many practical matters that will require attention. These include housing, financial and legal considerations. Ultimately Alzheimer’s patients will require increasing levels of care as their disease progresses, and a longer heads-up time between when the patient can, for example, still be managed in their home setting and when moving into a more structured assisted living program allows the family more time to research the various possibilities and consider the timing of sale of the patient’s current residence. Estimating costs of future care, how much health insurance will cover, and reviewing finances are all important for families. Caregivers can look into caregiver training programs, and find out what community resources are available. Getting legal advice and setting up advance directives, durable power of attorney for finances and review of wills or living trusts are all helpful to do in advance. Earlier diagnosis also allows the patient to participate more meaningfully in the planning process and express their wishes before the disease progresses to the point where they are no longer competent.


        




        

          Potential Benefit of Early Detection #4: Assessing Patient’s Competence at Work and Managing Finances




          If the patient is still actively working, particularly if their job involves higher level cognitive skills and especially if they are involved in health care delivery, identification of cognitive impairment can be critical in assessing whether they are competent to continue.


        




        

          Potential Benefit of Early Detection #5: Identifying Unsafe Drivers Before it is too late




          Many studies have been done on the relative safety of Alzheimer’s patients as drivers. While they may be fine in routine driving situations to familiar places, getting lost when attempting to go to a relatively unfamiliar place is a classic early symptom of AD and often the source of the ubiquitous “silver alerts” on electronic freeway billboards. Furthermore, in a complex and rapidly developing traffic situation, AD patients might not be up to the task of analyzing it in a timely manner and taking the proper corrective action. For patients with mild Alzheimer’s disease, accident rates are significantly higher than the average and in on-road or with computerized driving tests they may perform at an unsatisfactory level [17]. Physicians often don’t inquire about driving status, and in one study of a large internal medicine practice, in only 5% of older patients with intermediate to low scores on a cognitive screening test who were still driving were physicians aware that they were cognitively impaired [18]. And, although this scenario has not yet played out to my knowledge, there may someday be legal implications for the physician. Imagine Mr. X, an elderly patient, comes in to his primary care provider for his routine yearly checkup. He has some minor complaints which the PCP addresses, and finding everything else seems ok, sends him on his way. He may even have inquired as to whether the patient has noticed any memory problems as he’s been getting older, but the patient denies it. A couple of months later Mr. X is involved in a motor vehicle accident due to making an unsafe lane change, with the result of significant injuries to the passengers in the other car, whereas Mr. X escapes with minor injuries only. Upon being checked out in the ER though, an alert ER doc gives Mr. X a brief cognitive screening test and finds his memory significantly impaired, and on further subsequent evaluation Mr. X is found to have mild to moderate Alzheimer’s disease and fails a driving safety test. The injured parties file a lawsuit against the PCP, claiming that had a cognitive test been administered on his last visit, the dementia would have been discovered and the doctor could have advised Mr. X to cease driving.




          A discussion about driving is often one of the more difficult tasks in managing a patient with mild Alzheimer’s. Patients frequently have anosognosia and deny that they have a serious or even any memory problem, much less that it is sufficiently severe to put their driver’s license in jeopardy. On the other hand, sometimes family members are relieved that the conversation is being had as they have harbored secret doubts about the patient’s driving abilities. My personal approach is explain to the patient that as a matter of routine I recommend all patients with mild Alzheimer’s disease get a driving safety test done, either through the motor vehicle department or through the occupational therapy departments of hospitals that offer the testing.


        




        

          Potential Benefit #6—Identification of Potentially Reversible Dementias—and Reversing Them




          How prevalent are “reversible dementias”—and do they actually reverse when interventions are made? Such things as vitamin B12 deficiency and hypothyroidism have long been known to cause cognitive problems, but in actual practice even correction of such problems when identified in the context of working patients up in memory clinics rarely produces significant changes in cognition. A metanalysis of articles published from 1987-2002 on reversible dementias concluded that in only 9% of cases was a potentially reversible cause identified, and that in reality only 0.6% did the dementia actually reverse [19]. In a British study where 125 patients with low B12 were identified in a memory clinic setting, none of the patients with dementia actually reversed with treatment, though some patients with milder forms of cognitive impairment did demonstrate a treatment effect on verbal fluency tests [20]. However, another study on correcting B12 deficiencies in dementia patients, while producing no overt changes in neuropsychological testing, was associated with a reduced incidence of delirium [21]. Identification of cognitive impairment on a screening test should lead the physician to a closer scrutiny of the patient’s medication list, particularly for meds with anticholinergic or sedative properties, and questions directed at a search for occult alcoholism. Also, inquiries into symptoms of sleep apnea such as non-restorative sleep and daytime fatigue, can on occasion lead to successful intervention in the author’s experience. The link between sleep disorders and cognitive impairment, both prevalent in the elderly, is an area of active exploration [22, 23]. There is even evidence that untreated sleep apnea can accelerate amyloid deposition in AD [24], leading to the novel idea that dementia screening tests could lead to increased diagnosis of sleep apnea and hence slow disease progression after all.




          Regarding MCI, it is true that in population-based studies a proportion of these patients can spontaneously reverse on follow-up, with widely varying estimates of the frequency, ranging from 4-53% [25, 26]. Some of the variability could have been due to initial misclassification, the effect of a transient life stress, or simply a “bad hair day” at the time of assessment, though there may be factors that decrease the likelihood of conversion back to normal, such as multi-domain MCI or an informant-based memory complaint [27]. I certainly see this in clinical practice.


        




        

          Potential Benefit #7: Identification of Patients for Research Program Participation




          No one would question the fact that we need more research in Alzheimer’s disease, and a key component is patient recruitment for clinical trials. A positive dementia screening test can result in a discussion of potential interest in participation in such programs. At Johns Hopkins the author, a general neurologist, has personally referred many patients to various projects. The faster such trials can recruit patients, the quicker the pace of the research. In communities with academic medical centers, the wider use of dementia screening tests by primary care doctors in the community could lead to an effort to streamline such referrals into clinical trials.


        




        

          Potential Benefit #8: Establishment of a Cognitive Baseline




          How often have you been confronted with the following situation? You are asked to consult, in either the inpatient or outpatient setting, on an elderly patient who is confused. One of the first questions you want to know is when did it start? And how different really is the patient now from some time point in the past? You look through the medical records to try to get an answer. Although dozens of visits to various physicians are recorded, nowhere can you find more than a cursory reference to the patients cognitive state, things along the lines, in the exam section, of “neurologic: intact” or “pt is A&Ox3”, where you have more than a sneaking suspicion that, in reality, the doctor never actually asked the patient the date and location, but simply assumed it from the patient’s general demeanor. On the rare occasions when there actually is recorded an MMSE score, it can be quite helpful in formulating your assessment of the case




          The above eight “potential benefits” of dementia screening are very difficult to quantify. As mentioned, for #2, delirium prevention, it may be possible to do a study that quantifies a lower risk of delirium when intervention protocols are put into place for those identified as being cognitively impaired through screening. For the other possible benefits, though, it is hard to imagine a practical way of assessing their benefits.




          In their exhaustive review of the literature on screening for dementia (16,000 abstracts and nearly 1200 articles examined), conducted in 2013 as an update to the 2003 U.S. Preventive Service Task Force [1] survey, Lin et al. [28] tried to find answers to 5 questions, one of which was “Does screening for cognitive impairment in community-dwelling older adults improve decision making, patient, family/caregiver, or societal outcomes?” However, they could find no trials that actually examined this question. In thinking about it, there’s really no surprise here. How does one quantify “improved decision making?” Apart, perhaps, from giving caregivers a Likert scale with the question, “Did the diagnosis of cognitive impairment/dementia improve your ability to make decisions regarding your loved one’s economic, financial, or health situation” it’s hard to see what metric could actually be used to measure this.


        


      




      

        The Key Question: Can Earlier Intervention in Dementia Make a Difference?




        Currently there are no proven pharmacological interventions that modify the course of Alzheimer’s disease, though there are numerous drugs in various phases of testing, mainly intervening in the amyloid cascade pathways that may ultimately prove to be beneficial. Such a drug would be a true game changer. There is little evidence that the existing drugs (donepezil, rivastigmine, galantamine, memantine) alter disease course. For a time, there was some thought that the earlier use of donepezil might delay nursing home placement, and therefore have some disease modifying effect [29]. However, the study was roundly criticized and the conclusion rejected. On the other hand, in a post-hoc analysis of the Alzheimer Disease Cooperative Study, Lu et al. argued that donepezil did in fact prolong progression from MCI to AD in a subset of MCI patients with comorbid depression [30]. If confirmed, this would be a good argument for screening.




        Although as yet there is little evidence that the available AD drugs can modify disease progression, nonetheless there is an undisputed if modest symptomatic effect, and so one can argue that identifying patients early and starting medication provides some benefit that otherwise would have been delayed. Furthermore, though the average response is modest, in clinical practice, one sees a range of responses to these drugs, and certainly there are some patients who experience clear cut improvement, whereas others may see no definite benefit but there may be a stabilization— “no progress is progress” .




        Regarding nonpharmacological interventions, Koivisto et al. found in a random-ized controlled trial that targeted psychosocial intervention in patients with mild Alzheimer’s made no difference in the risk of institutionalization (their primary outcome) nor in health related quality of life for patients or caregivers, cognition, behavior or depression [31]. The intervention included education, counseling and social support consisting of 16 days over a two year period. In a study to see whether neuropsychological testing affected primary care doctor interventions or slowed the rate of cognitive progression, doctors who did such tests were indeed more likely to order labs to check for reversible causes of dementia and document discussions about cognition in their patients than doctors that didn’t, but there was no difference in the rate of cognitive decline between patients of the two groups of doctors [32].




        There has been increasing interest in the possibility that regular physical exercise may slow the progression of Alzheimer’s in addition to providing cardiovascular health benefits. Several mechanisms have been proposed, including encouragement of hippocampal neurogenesis. Numerous studies have shown that this process is important in new memory formation, with the newly created nerve cells integrated into hippocampal neurocircuitry. Exercise increase cerebral blood flow, stimulates angiogenesis, and increases levels of neuroprotective molecules [33]. However, in the most recent Cochrane review of exercise programs for people with dementia [34]. The conclusion was that there was some evidence that it improved ADL abilities, though no benefit could be demonstrated in cognition or neuropsychiatric function, and there was no evidence one way or the other for an effect on caregiver quality of life. There are several ongoing studies on exercise which can be found on the clinical trials.gov website. A Basque study, for instance, aims to compare high versus low intensity aerobic programs, both with a strength component, on the ADAS-cog.




        Other proposed interventions for cognitive decline include diet, particularly those mimicking the “Mediterranean diet” , cognitive training, and increasing social engagement. Very recently, the Finnish study of a randomized trial of a multidomain intervention program (the “FINGERS” study) in patients aged 60-77 deemed at higher risk of dementia published its results [35]. The interventions consisted of a customized exercise program supervised by a physical therapist for progressive muscular strength, aerobics, and balance, cognitive training with a psychologist and home computer programs, regular meetings both individual and group with a nutritionist based on the Finnish Nutrition Recommendations, and management of vascular and metabolic risk factors. Social activity was provided in that participants had to attend numerous meetings—e.g., with the nutritionist, physiotherapist and so on—as part of the study protocol. The control group received “regular health advice” . The outcome was an extended neuro-psychological battery. After two years, the treatment group showed superiority in the overall test score, as well as specifically in tests of executive function, processing speed, and memory. This was the first and so far only such randomized intervention trial. Now it’s true that this study deliberately excluded those already with cognitive impairment. It thus remains to be seen if an intervention aimed at those with, say, mild cognitive impairment with intensive diet, exercise and cognitive programs can retard the progression to Alzheimer’s, or retard the progression from mild to the moderate Alzheimer stage. But there is certainly some chance of that.




        In conclusion, although one can’t definitively state that screening for dementia in elderly patients is mandatory, one can say that there are many good reasons to think that it may be beneficial, and few reasons that it may be bad. That being the case, if one has decided to go ahead and screen, what are the choices of tools at one’s disposal?


      


    




    

      SECTION 2: BEDSIDE TESTS FOR DEMENTIA SCREENING




      We’ll first spend a little time here reviewing some terminology and basic concepts of evaluating the usefulness of a given test, including the concepts of sensitivity, specificity, predictive values and likelihood ratios. These will come in handy as we consider the various candidate screening tests.




      How effectively a screening test works depends on its sensitivity and specificity. To briefly review these concepts, sensitivity refers to the percent that the test correctly identifies those with the disease. So if you give the screening test to 100 people with Alzheimer’s and it correctly identifies 95 of them, then the sensitivity is 95%. Specificity means how well the test excludes normal people. So if you screen 100 normal people and the test incorrectly identifies 15 of them as having the disease, the specificity is 85%. Specificity becomes increasingly important the rarer a disease is, because the lower the specificity in a population where the disease is not common, you are going to be identifying more people as having the disease who actually don’t (false positives). Formally, the sensitivity is defined as the number of people who fail the test that have the disease divided by the total number that have the disease, while specificity is the number of people who pass the test and don’t have the disease (true negative) divided by the true negatives plus the false positives (people who fail the test but don’t have the disease). The sensitivity and specificity vary depending on the “cut point” chosen—more stringent cut points increase sensitivity but at the price of worsened specificity and vice versa. Cut points can also vary depending upon education and the demographics of the population used for acquiring the normative data for the test, which sometimes needs to be kept in mind when interpreting the score in an individual patient.




      Considering the disease prevalence in the population is especially important for the physician to keep in mind, as it helps determine what is called the positive and negative predictive values. The positive predictive value (PPV), meaning the number of people who fail the test who really do have the disease, is the number of true positives divided by the number of true positives plus false positives. If you use your dementia screening test in the population under 40, where dementias are vanishingly rare, even if your specificity and sensitivity are 99%, virtually nobody that flunks the test is going to have the disease, because the number of false positives will be likely to overwhelm the true positives. They may fail, for example, due to baseline intellectual disability, medication effects, anxiety and any number of other reasons. Negative predictive value (NPV) is the probability that if you pass the test you don’t have the disease. The NPV is defined as the number of true negatives divided by the true negatives plus false negatives.




      The likelihood ratio essentially means how you should alter your thinking if a person passes or fails the test. The positive likelihood ratio (LR+) is the number of people who test positive that have the disease (true positive) divided by the number of people who test positive that don’t have the disease (false positive). The negative likelihood ratio (LR-) is the number of people who test negative that do have the disease (false negatives) divided by the number of people who test negative that don’t have the disease (true negative). LR+ can also be defined as sensitivity (true positive) divided by 1-specificity (false positive). LR- can also be defined as 1-sensitivity (false negative) divided by specificity (true negative). A likelihood ratio of 1 means that the passing or failing the test should not alter your thinking one way or the other. A positive LR ratio over 10 is virtually conclusive that if you fail the test you have the disease, whereas LR ratios of 2-5 would mean only a small increase in the likelihood of the disease. Conversely, LR ratios of less than 0.1 virtually assures that if you pass the test you don’t have the disease, whereas LR ratios of 0.2-0.5 only slightly decrease the likelihood.




      Another important characteristic of a specific screening test is the area under the curve (AUC). In considering a specific diagnostic test, sensitivity and specificity will vary according to what cut score is used. If the cut score is set such that only an excellent performance results in a passing score, most dementia patients will fail it, so also will a certain percentage of normal controls, so that the sensitivity is high but the specificity is low. Conversely, if the passing score is made less difficult, more normal controls will pass which makes specificity higher, but so also will more dementia patients, resulting in lower sensitivity. Thus, a receiver operating curve (ROC) can be constructed with different cut scores, using along the x axis the value of 1-specificity, corresponding to the number of false positives by the test, versus sensitivity or true positives on the y axis. The AUC is the integral of the ROC curve. So if your test has a good sensitivity and low false positive rate, it will take off quickly from the origin up the y axis and there will be more area underneath it. Higher values of the AUC reflect better combinations of sensitivity and specificity.




      In considering the different screening tests, first one might say, forget all this fancy stuff, why not just ask the patient something like, “Have you noticed any trouble with your memory as you’ve gotten older?” Some primary care doctors actually use this as a screening question, and only if the patient (or a family member, if one happens to be there) answers “yes” do they proceed with more in depth questioning.




      The problem with this approach is the phenomenon of anosognosia, or lack of awareness of disease. How often have you seen this scenario, where a patient is brought in by the family due to cognitive decline, and you ask the patient if they themselves have noticed memory trouble. They deny it, and the family collectively rolls their eyes. So if a patient answers, “No problem doc, my memory is fine” it could be true—or it could be a symptom of their disease, and you’re not going to figure out which without testing.




      The prevalence of anosognosia in MCI and mild AD is a matter of debate, but some estimates are around 50% in MCI [36] and about the same for mild AD [37]. The question of how often family members recognize cognitive decline or think it a problem has been less studied, and appears to vary considerably depending on ethnic and cultural factors [38]. However, as the dementing process is insidious, the net result is that patients are frequently not brought in for evaluation until they are well past the MCI stage, sometimes even into the moderate Alzheimer stage. If a family member is asked the question by the doctor regarding whether there are memory problems in the patient, they may well respond “no” or “nothing beyond what you’d expect at his age”.




      Again, it is important not to take patients at their word if they do have a subjective memory complaint, or to assume they have normal memory if they do not. In an interesting study of how MCI can be misdiagnosed, a subgroup of patients in the Alzheimer Disease Neuroimaging Initiative (ADNI) who had a memory complaint but scored normally on cognitive tests also had negative biomarkers for AD. Conversely, in patients who had amnestic MCI based on objective memory testing but who self-assessed their memory as normal, CSF biomarkers indicated AD and their risk of clinical conversion to AD was higher [39].




      Having said that, there has been some back and forth debate as to whether subjective memory complaints—defined as a complaint of memory dysfunction but normal performance on memory tests-- in older people are a risk factor for development of dementia, with the consensus that it is [40]. There have been some efforts to more precisely quantify subjective memory complaints, for example, the Memory Complaint Scale [41]. This consists of two seven item questionnaires, one for the patient and one for the companion, that are read aloud and the answers scored. A sample question for the patient is “How is your memory compared to when you were younger?” with possible answers of “same or better”, “somewhat worse” or “much worse” . A tool that I have used routinely in my own practice is the AD8 informant questionnaire [42]. This contains questions about memory function that an informant checks off as unchanged, worse, or unable to judge, such as whether the patient repeats questions, stories or statements, or has trouble learning to use a new gadget. This can be given to the informant to fill out while I am testing the patient and so it occupies no extra time apart from giving a brief explanation of the tool. However, although such assessments from patients and informants are helpful and interesting, most clinicians will not be willing to rely on them alone and justifiably will want to administer screening tests directly to the patient




      It is not my intent to review all the screening tests available; see Velayudan et al. for a review of tests chosen to take less than 20 minutes [43]. However, even 20 minutes is likely to be far more time than a busy practitioner is going to be willing to spend. Here are some common sense criteria for a screening test to become widely adopted in general practice:




      

        	Takes less than 5 minutes to administer—ideally less than 2 minutes.




        	Good sensitivity and specificity (90%) for mild Alzheimer’s recognizing that these values will be less for MCI.




        	Scoring system has a spread wide enough that it can be used to follow patients over time and is easy to use.




        	Well-validated.




        	Minimally sensitive to education levels.




        	Does not require any special equipment (e.g., flash cards).




        	Can be adapted for people with motor, visual or hearing impairment.


      




      With these in mind, let’s take a look at some of the contenders.




      

        The Mini-Mental State [44]




        There’s a high probability anybody reading this is intimately familiar with the MMSE, the granddaddy of bedside mental status tests. It has been used in countless studies and clinics across the country. It provides a rough snapshot of a patient’s cognitive status—when a colleague tells you the patient had a MMSE of 16 you instantly know they’re talking about somebody with a moderate dementia. It takes around 5 minutes to administer, and can be used to follow patients deep into their disease. Some of the questions are sensitive to education, particularly if the notorious serial 7s are used rather than spelling “world” backwards, and which alternative one chooses when testing a patient can make a significant difference in their score—one of the MMSE’s limitations. Additionally, for targeting patients in the earliest stages of the disease it has known limitations, particularly in well educated individuals, and many of the questions are simply a waste of time for most patients. A patient doesn’t lose the ability to name a pen or a watch until late in the disease, for example. If the patient is from out of the area, they may have no idea what county of the state they are in. And how do you score the response to the season if the patient says it is fall when the weather is blustery outside but it’s only September 9th and technically still summer? Additionally, the lack of tests of executive function on the MMSE has been criticized. Analyzing the MMSE in detail, the most sensitive items are the month/year/date and the 3 item recall [45]. Roughly speaking, the usual cut score for normal is 27.




        A different sort of problem is that the MMSE is copyrighted, and in 2001 the authors decided to try to enforce it, granting a license to Psychological Assessment Resources to publish and distribute it, at a cost of $1.23 per licensed copy, a move which provoked some consternation [46]. For the most part, the copyright has been widely ignored by clinicians, but can be an issue for researchers who want to use it in studies, and a PCP using the test is technically guilty of copyright violation, though the likelihood of a police raid sweeping down on them for doing so seems remote.


      




      

        Montreal Cognitive Assement (MoCA) [47]




        The MoCA (www.mocatest.org) has been sweeping the world of bedside cognitive tests by storm since its introduction in 2005. A pubmed search at the time of this writing generated over 1000 hits. The MoCA, like the MMSE, is a 30 point scale, and although there is some overlap, the tasks are harder. For instance, there is a 5 item recall compared to the MMSE’s 3, and numerous tasks are done prior to recall, compared to the MMSE with either world backwards or serial 7s. The test was normed on Canadians with an average of a year of college education, with a cut score of 26 for detecting impairment, and 25 if the person has less than a high school education. A Cochrane review [48] of the MoCA through 2012 concluded that using the cut score of 26, the sensitivity was good at 94% but the specificity was only 60%, meaning the 40% of non-demented people scoring less than 26 would be incorrectly classified as dementia. In a setting of a memory clinic, the MoCA specificity was also found to be 60%, with the author suggesting that a cut score of 20 provided the best overall combination of sensitivity and specificity, and incidentally that combining the MMSE with the MoCA did not enhance diagnostic utility [49]. A study by Saczynski et al. [50] attempted to correlate MMSE scores with MoCA scores; they concluded that traditional MMSE cut scores of 27 for MCI and 23 for dementia corresponded to MoCA scores of 23 and 17 respectively. However, the MoCA may be sensitive to practice effects; in a study where it was administered to the same subjects at 12 months there was some improvement [51]. There have been several studies comparing the MoCA to the MMSE, with findings that although scores on the two tests are highly correlated, the MoCA is superior to the MMSE in detecting cognitive impairment and dementia [52-54].




        A nice thing about the MoCA is that it is available in 3 different versions and in multiple languages. Administration time in a normal person is on the order of 10 minutes, but it can take significantly longer than that in dementia patients; one colleague of mine told me had given up using it in his more demented population because it took a half hour [55]. I have used the MoCA extensively in my own practice, and find it the most useful in the setting of an intelligent and well-educated individual with memory complaints. However, the specificity issue as well as the length of time to administer the test makes it unlikely it will find widespread use in general practice.


      




      

        The Clock Draw Test




        Various versions of the clock draw test (CDT), both in scoring and administration, have been proposed [56]. A CDT is included in the MoCA, and accounts for 3 of its 30 points. In the most commonly used form, the patient is asked to draw a clock, put in all the numbers, and set the hands to a given time. Overall, the conclusions have been that the CDT is not particularly sensitive to mild dementia, though it can sometimes provide striking graphical evidence of a patient’s impairment. In looking at the utility of the various scoring systems, the more complex scoring systems—up to an 18 point scale—did somewhat better than the simpler 6 point scale in sensitivity, but had high false positive rates in detecting amnestic MCI [57]. It is the rare clinician indeed who uses any of these formal scoring systems in routine clinical practice, and most who utilize the test simply make a gestalt judgment whether the clock is normal or not.


      




      

        The Mini-Cog [58]




        The Mini-cog is a fast test that has found some popularity. It is a composite of a 3 item recall and the clock draw test. A Cochrane review [59] found only 3 studies where the sample population was from the general community, and due to methodological variability could not recommend it one way or the other for screening in this setting. It has only a 6 point scoring range, so it’s not particularly helpful for following patients over time. However, in a review of 11 dementia screening tests, the mini-cog was found to be one of the best, with a sensitivity of .91 and specificity of .86 [60].


      




      

        Buschke’s Memory Impairment Screen [61]




        The MIS is a pure memory test, using a 4 item recall with semantic encoding to improve specificity. The patient is given a list of four nouns printed in large type on a piece of paper and asked to read them aloud, e.g., Red Cross, saucer, checkers, telegram. Then they are asked to associate each one with a category cue, e.g., “which one is a game” . After a few minutes they are asked to recall the items. Scoring is 2 points for each item spontaneously recalled, 1 point if recalled with the cue, and 0 if they don’t recall it even with the cue. It is thus only an 8 point scale. Scores of under 5 are indicative of dementia. The MIS outperformed a 3 item recall, as is found on the MMSE, in detecting dementia in the Einstein Aging Study, a longitudinal study of the elderly, with a sensitivity of .86, specificity of .97 and positive predictive value of .87 compared to .65, .85, and .37 respectively for the 3 item recall [62].


      




      

        Semantic and Lexical Fluency Tasks as Screening Tools




        A semantic (aka category) fluency task is where the patient is asked to name as many items as they can belonging to a particular category in a brief time period, generally one minute, but in some studies 30 seconds and other two minutes. Semantic fluency tasks are contrasted with lexical (aka phonemic) fluency tasks, where patients are asked to name as many words as they can start with a particular letter. These tests have a long history of use in neuropsychology, and there’s quite a literature built on it. Some screening test batteries include one of these tasks as a component; the MoCA, for example, includes a lexical fluency task. The “animals in a minute” task is probably the most popular example of a category fluency task. There’s been some interest in whether one or the other task is better for detecting Alzheimer’s versus other forms of dementia. For example, in a meta-analysis of 153 studies published in 2004, Henry et al. [63] concluded that Alzheimer patients were more impaired on semantic compared to phonemic fluency tasks. The semantic fluency task has been broken down into five cognitive components [64]. These include a search strategy, and monitoring to avoid repetition and out-of-category examples, in addition to semantic memory. Thus the test is not only one of language, but also frontal executive function to perform the monitoring functions and semantic memory to recall the exemplars. Semantic fluency tasks are probably second only to recall tasks in being the most sensitive for detection of MCI and early AD [65]. Furthermore, in a review of disease tracking markers [66], the conclusion was that “several Class A studies (i.e. serial studies) suggest that episodic memory and semantic fluency are the most reliable neuropsychological markers of progression”. Similarly, in considering which subtests of a brief neuropsychological battery were most sensitive for distinguishing MCI and dementia from cognitively normal people in a large population based cohort, delayed recall and category fluency were the winners [67].




        Considering which cut score to use for, say, the animals in a minute test has been studied in several papers, e.g., SJ Canning et al. [68]. A cut score of 15 for mild AD generated a sensitivity of .88 and a specificity of .96 in this study, and it was also successful in identifying vascular cognitive impairment and mild cognitive impairment.




        One problem with using category fluency as a stand-alone test is that it’s necessary to adjust the cut score depending on educational level; suggested cut scores in one study using animals in a minute in Brazilian patients [69] were 9 for those with no formal education, 12 for those with 4-7 years, and 13 for those with 8 years. Similarly, an Italian study also noted an influence of education on test performance [70].


      




      

        The Hopkins Verbal Learning Test (HVLT) [71]




        As a neurologist in practice at Johns Hopkins, it would certainly be remiss of me not to mention the HVLT. This is a pure verbal memory test, taking about 5 minutes to administer, and 15 minutes with the optional but very informative 10 minute recall tacked on. The test consists of a list of 12 words, all nouns, containing 4 items in 3 different categories which are scattered randomly in the list. The list is read aloud in its entirety 3 times, and the patient recalls as many items as they can immediately after each reading. The total number recalled is the recall score. This is followed by the “discrimination” score, wherein a list of 24 words is read one by one, with the 12 words embedded within 12 distractor words. Of the distractor words, 6 are in the same category as one of the categories in the list, and 6 are random words. The patient says yes or no after each word is read as to whether it was on the list. The discrimination score is the number of correct words identified minus the number of incorrect words endorsed as being on the list. The recall and discrimination scores can be summed to give a total “memory score”, which is quite sensitive to MCI and Alzheimer’s disease (cut scores 25-28 for MCI and 25 for AD) [72]. Additionally informative is asking the patient to recall the list 10 minutes later with no further prompts. In my personal experience of using the HVLT in this fashion for over a decade, I have found it very helpful. At the Johns Hopkins Bayview Memory and Alzheimer Treatment Center, we have included the HVLT in a cognitive test battery administered by the nursing staff, and the clinicians in our group routinely find it to be one of the better indicators.


      




      

        The Q&E (Quick and Easy)




        We come now to my personal favorite, the Q&E, no doubt in part due to the fact that I invented it. I have been using it as a screening test in my general neurology practice and in the dementia clinic for over 15 years on a daily basis.




        In the numerous articles cited thus far, we have repeatedly come across evidence that several components of dementia screening tests, namely recall, category fluency tasks, and orientation to date/month/year, are among the most sensitive for detecting cognitive impairment in the elderly. The Q&E combines these components into a simple test that takes only a minute and a half to administer to a normal person and meets all the common sense criteria mentioned above for a screening test with one important exception, which is that, as a full time clinician with no research funding, I’ve not been able to do large scale studies to fully validate it. The Q&E is similar to a test proposed by Kilada et al. in 2005 [73], which also incorporate a recall and verbal fluency task with superior performance to the MMSE, but with some important differences which I discuss further below. It is also very similar to something called the “10-point cognitive screener” which was published just a few months before this writing, and consists of a 3 item recall, a 4 point scaled animal score, and 3 item temporal orientation, which was shown to outperform the MMSE [74]. Additionally, the Brief Alzheimer Screen combines a 3 item recall with animals in 30 seconds and “world” backwards [75]. However, the Q&E has a more extended scoring system (up to 21 points) which provides an advantage for following patients during the early years of their disease in a more fine grained fashion, and a more difficult memory item, which allows for an “encoding score” not found on the other tests in addition to putting more stress on the memory system. Once patients reach the late mild or early moderate stage, with MMSE scores below the low 20s, my experience is that patients find it extremely difficult and there is a floor effect.




        The Q&E actually consists of 4 components: encoding, the date, animals in a minute, and recall. Each component generates a score which is summed to give the final score. Higher scores are worse. The test starts with the subject asked to repeat 3 paired items. I use a color combined with a common noun, such as red ball, white horse, gold key. These items can be varied in follow up with the patient to help avoid a practice effect. Note that this is double the number of words in the MMSE, enhancing its difficulty. The examiner says all 3 items and the subject repeats them. The encoding score is based on how many times the examiner has to repeat the 3 items before the patient says them twice correctly (not necessarily consecutively). No points are given if the patient says all 3 items correctly immediately or if only one repetition is required. One point is given if the examiner has to repeat the 3 items a 2nd time, 2 points for a third repetition, and if the patient fails even after that, the items are repeated one by one and 3 points are scored. In practice, one can get a sense immediately how bad off the patient is; virtually nobody who scores 2-3 points on this first part performs normally on the rest of the test. Then the patient is asked the date, with 1 point given if more than one day off, 2 points for the wrong month, and 3 points for the wrong year, so a total of 6 points are possible for this part of the test. Note the weighting, compared to other tests using the date. It is clearly more of a sin not to know the month, and even more so the year, compared to the exact date, and so the test is weighted accordingly. Next comes the animals in a minute test, where the patient is explicitly instructed that “an animal is anything that is alive and moves” (you would be amazed at how many times patients will say “snake—wait, that’s not an animal” in which case the examiner says “yes it certainly is”; also “multicellular” is added for the rare occasions when a wiseguy says something like “paramecium”). It’s best to record the start time and writes them down as the patient says them to keep an accurate count, and also to better detect uncued repetitions. No points are given for over 14 animals, 1 point for 10-13, 2 points for 6-9, 3 for 3-5, and 4 for 0-2. In addition, points can be given for what I call uncorrected repetitions, where a patient says an animal that recurred previously in their list without evidencing that they realize it. So I don’t take off, for example, if they say “horse, cow, sheep, goat…let’s see, I said horse…zebra, lion…, or self-prompting—“horse, cow, sheep, goat…um, um, goat (said in a softer voice) lion, tiger…). One point is for 2-3 uncorrected repetitions and 2 for more than 3. Then after the minute is up, the examiner asks, “ok, it’s time for those 3 things I asked you to remember”. Scoring here is 0-6, depending on how many of the words are recalled. On occasion, people may mix up the items, for example say “red horse” instead of “red ball”, in which case the scoring is 1 point for each item paired incorrectly with another item on the list, so if they mix up all 3 that would be 3 points off. These subscores are summed to give the Q&E score. A score of 0-2 is within the normal range, 3 is borderline, and 4 or above is indicative of a problem.




        We did a small study evaluating the Q&E in a memory clinic setting [76]. It was the practice of Dr. Alan Troupin, the clinic director, to have a trained nurse administers the Addenbrooke’s Cognitive Examination (ACE). This is a 100 point scale that contains embedded within it all the questions of the MMSE and a clock draw test, so the MMSE, CDT, and a mini-cog score can be computed, along with another brief screening test I haven’t mentioned called the Six-Item Screener, which consists of a 3 item recall along with day of the week, month and year [77]. The clock draw was simply scored as normal or abnormal. Dr. Troupin then evaluates the patient clinically, and together with his knowledge of the ACE score diagnosis the patient as normal, MCI, Alzheimer’s disease or other dementia. The only alteration in the study was for the nurse to administer the Q&E along with the ACE, with Dr. Troupin blinded to the ACE results. Patients diagnosed with Alzhemer’s disease were classified based on their MMSE scores as “very mild” with MMSE of 27-30 or “mild” with scores of 21-26.




        

          Table 1 Comparison of dementia screening tests.
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        The results included 109 patients who were diagnosed as mild or very mild AD. In the very mild category, with normal MMSE scores, 69% had a Q&E score of 4 or greater. In the mild 21-26 category, only 1 of the 73 patients had a normal Q&E score. The Q&E was superior to the CDT, mini-cog and six item screener in detecting the very mild cases at the p .05 level, and there was a trend for the whole test to be superior to the animals in a minute test subcomponent by itself. There were too few normal patients in his population to compute specificity, but in an unpublished study done with patients enrolled in an Alzheimer study at Hopkins only one of over 20 control patients had a score above 3.




        Further details of the Q&E test administration and a scoring sheet can be obtained by emailing the author. An extended version incorporating some additional executive function/frontal lobe tasks is available as well, which only adds another 2-3 minutes on to the test.




        Table 1 compares the tests mentioned above on various practical considerations, namely on the parameters of administration time, significant sensitivity to education, a point spread adequate to reasonably follow patients over time, and whether it requires the patient to write or draw responses. I think all the tests have demonstrated good sensitivity and specificity for dementia, albeit to varying degrees, and with the exception of my Q&E test which admittedly has only limited back-up support, to be well validated. The entries in the table of yes, no, or limited are based on my own experience, and I expect not everybody will agree with me on all of them, but as a rough guide I think it useful.


      


    




    

      CONCLUSION




      Although clear evidence is hard to come by, there are a number of potential benefits in favor of screening for dementia in the primary care setting. Certainly if one day a treatment comes in to play that works to actually slow Alzheimer progression, then the argument will be settled. As it is, already in the United States Medicare includes an assessment of cognitive status as part of a well visit care in older patients, though without specifying how this is to be done. Yet to be defined are questions like the optimal age with which to begin screening, and which tool to use. However, there is no contesting that at the cost of a few minutes of effort using one of the many available screening tools, significant benefits in understanding the cognitive state of a patient accrue to the physician, which in turn may be reflected in better care of the patient. I predict that at some point in the future, taking a measure of cognitive health will be viewed as routine a matter as recording blood pressure.
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