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    The book series Frontiers in Clinical Drug Research-Dementia presents cutting edge reviews written by the specialists in the field. The chapters in the 1st volume focus on drug research with special emphasis on clinical trials, and research on drugs in advanced stages of development for dementia and related disorders.




    Khow & Yong, in chapter 1, discuss the challenges of bone and hip fractures in patients of Alzheimer’s disease. Djordjevic et al., in chapter 2, discuss the role of cholesterol in brain health and pathologies with special emphasis on Alzheimer’s disease. Chapter 3 by Lake et al. reviews the advances in the treatment of Mild Cognitive Impairment (MCI) and dementia.




    Chapter 4 by Uslu et al. gives an overview of analytical methods for the drugs used in the treatment of this disease. Kaushik and Jha, in chapter 5, present the nanotechnological advancements for the treatment of Alzheimer’s disease. Chapter 6 by Mushtaq et al. presents the details of current challenges in Alzheimer’s disease. The last chapter by Hani Nasser Abdelhamid, summarizes recent studies on the links between metals and Alzheimer’s disease.




    I am grateful to all the eminent scientists for their excellent contributions. The efforts of Ms. Fariya Zulfiqar (Manager Publications) and the leadership of Mr. Mahmood Alam (Director Publications) are greatly appreciated.
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      Abstract




      Falls and hip fractures are common conditions among older people with Alzheimer’s disease (AD) and are associated with high risk of morbidity and mortality. People with AD have up to an 8-fold increased risk of falling and 3-fold higher risk of hip fractures, compared with those who are cognitively intact. The increased risk of hip fractures among people with dementia may occur through a few pathways, including (a) risk factors that are common to both conditions, (b) the presence of dementia increasing incidence of hip fracture through intermediate risk factors such as falls and osteoporosis, and (c) side effects of treatment used in AD increasing hip fracture risk. A better understanding of these mechanisms and their effects on outcomes after hip fracture will assist in developing effective interventions and improving preventive strategies. Population aging heightens the need to recognize the interactions of these conditions in order to improve efforts to prevent hip fractures, improve outcomes through high-quality acute care and rehabilitation that returns patients to premorbid level of functioning, and provide evidence-based secondary prevention of falls or fragility fractures. Acute care of hip fractures focusing on orthogeriatric co-management has been shown to reduce length of hospital stay, perioperative complications including delirium, readmission rate and premature mortality. Secondary prevention of falls and further fractures is essential by ensuring risk factors for falling are addressed and osteoporosis is treated. New experimental approaches are being investigated to manage osteoporosis through surgical approaches in people with extremely high risk of recurrent hip fractures.
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      INTRODUCTION




      Alzheimer’s disease (AD) is the most frequent form of dementia in many countries. Falls and hip fractures are common interrelated problems among older people with AD. The prevalence of AD increases with age, rising from 3.0% among those aged 65 to 74 years to 18.7% among the 75 to 84 years age group and even higher at 47.2% in people over 85 years [1]. Globally, the prevalence of dementia has been doubling every 20 years and is projected to affect 81 million by 2040, with many being affected by AD [2]. AD is a progressive condition that can interfere with self-care and social functioning.




      Older people are more likely to fall resulting in catastrophic and life-threatening events. In addition, falls also have adverse consequences on their quality of life and that of their families or carers. It is estimated that 28-35% of community dwelling individuals older than 65 years fall each year and more than 50% of those living in residential care facilities [3]. In the United States, the absolute number of fall-related deaths has almost tripled from 8613 in 2000 to 25819 in 2016, according to the National Vital Statistics System [4]. The same study also reported that the age-adjusted fall-related mortality rate has doubled, rising from 46.3 to 105.9 per 100,000 women and from 60.7 to 116.4 per 100,000 men [4]. Falls also impose a heavy financial cost on the healthcare system. In 2015, the total medical costs attributable to fatal and non-fatal falls in the United States was nearly $50 billion [5].




      About 85% of hip fractures happen in people over the age of 65 years [6]. With an aging population, the number of hip fractures worldwide is expected to rise from 1.7 million in 1990 to 6.3 million by 2050 [7]. In the first year after a hip fracture, only 50% regain their pre-fracture ambulation level and about 25% of people living in the community before the fracture would require care in a residential facility [8, 9]. Within three months after hip fracture, mortality is five to eight-fold higher than in age- and sex-matched controls and this excess mortality persists even after 10 years [10, 11].




      This chapter will review the risk factors for falls and hip fractures in people with AD. This review will also describe the evidence for effective acute and post-acute care for hip fractures. In addition, effective strategies for primary and secondary prevention of falls and hip fractures in AD will also be examined.


    




    

      RISK FACTORS FOR FALLS IN ALZHEIMER’S DISEASE




      Patients with dementia including those with AD experience an eight-fold higher risk of falls compared to those without dementia, and especially for sustaining recurrent falls [12]. In one case-control study of four-year duration, 36% of patients with AD experienced a serious fall compared to 11% among those without the condition [13]. Several risk factors for falls are more prominent among people with AD (Table 1).




      

        Table 1 Risk factors for falls in people with Alzheimer’s disease.




        

          

            

              	Changes in gait

            




            

              	• Shorter stride length

            




            

              	• Reduced gait speed

            




            

              	• Increased step-to-step variability

            




            

              	• Lower stepping frequency

            




            

              	• Increased double support ratio

            




            

              	• Increased sway path

            




            

              	Neurovascular instability

            




            

              	Delirium, especially acute hospital setting

            




            

              	Behavioural and psychological symptoms

            




            

              	Use of psychotropic medications

            


          

        




      




      The ability to walk without falling depends on an intact motor, sensory, balance, postural reflexes, and vision to maintain a steady upright position and to move safely. Moreover, cognitive abilities including attention, reaction time, executive function, visuospatial skills, and navigation are important for walking safely. Studies have found that people with AD have a shorter stride length, slower gait speed, greater step-to-step variability, lower stepping frequency, increased double support ratio (more time spent in stance phase), and larger sway path than those without the condition [14-16]. Stride length and gait speed have been found to be associated with the risk of falls [15]. About 40% of people with AD have a gait apraxia [17]. Impaired central integration of signals for maintaining gait and balance is thought to contribute to apraxia in AD [18]. People with AD can also be impulsive and take unnecessary risks due to impaired insight and lack of perception in relation to environmental hazards [19].




      AD is associated with a high prevalence of autonomic dysfunction, leading to postural hypotension [20, 21]. This may lead to falls and hip fractures. In addition, a study of participants with AD found a prevalence of carotid sinus hypersensitivity in 28% [22].




      In the acute hospital setting, delirium is common among people with AD and is a major risk factor for falls [23]. Delirium persisting after hospital admission is associated with a six-fold increase in the risk of falls [24].




      Behavioural and psychological symptoms are common among people with AD. Behavioural symptoms, such as wandering, restlessness, and attention seeking, are associated with higher risk of falls [25, 26]. Psychological symptoms, namely depression, psychosis, and paranoia are associated with higher risk of falls [25, 26]. In addition, medications used to manage these symptoms, such as antidepressants and antipsychotics, are also risk factors for increasing falls [27]. Tricyclic antidepressants (TCAs) poses a high risk for falls and should be avoided in older people [28]. Anticholinergic side effects of TCAs include cognitive impairment and delirium [28]. All have some alpha-blocking activity and can cause orthostatic hypotension [28]. The antihistamine properties of this group of drugs can also cause sedation, impair balance, and slow reaction times. All these effects can potentiate the risk of falling in older people. Selective serotonin reuptake inhibitors (SSRIs) can cause impaired psychomotor function, ataxia, and syncope, resulting in increased fall risk [28]. Serotonin norepinephrine reuptake inhibitor (SNRI) antidepressants are similar adverse effects associated with SSRIs including orthostatic hypotension [28].




      Older people including those with AD, are commonly exposed to drugs with anticholinergic effects. Exposure to drugs with anticholinergic effect as a class was associated with increased odds of cognitive impairment (odds ratio, OR 1.45; 95% Confidence interval, CI 1.16-1.73) [29]. Meta-analyses results for falls showed a 116% and 79% increase in the odds of a fall occurring with the use of olanzapine and trazodone, respectively [29].




      The relationship between the severity of AD and risk of falls is uncertain. In a study of 97 nursing home residents with AD, those with mild disease had a 20% incidence of falls, and 38% among those with moderate disease [30]. Another study of community-dwelling older people with cognitive impairment, the risk of falls increased by 70% for every 10-point decrease in Mini-Mental State Examination (MMSE) score [31]. However, other studies have not found similar association between falls and duration of dementia [13, 21].




      One study evaluated the risk of falls and fractures in a cohort with AD (mean MMSE score of 17.6 ± 7.5) [12]. In this study, axial rigidity, poor tandem gait, agitation and wandering were associated with lower MMSE scores, and these characteristics could elevate the risk of falls [12].


    




    

      COMMON RISK FACTORS FOR ALZHEIMER’S DISEASE AND HIP FRACTURES




      Both AD and hip fracture share several common risk factors. These include increasing age, vitamin D insufficiency, reduced bone mineral density (BMD), weight loss and depression (Table 2).




      

        Table 2 Common risk factors shared between Alzheimer’s disease and hip fractures.




        

          

            

              	Advanced age

            




            

              	Vitamin D insufficiency

            




            

              	Reduced bone mineral density

            




            

              	Weight loss

            




            

              	Depression

            


          

        




      




      Advanced age is a risk factor commonly present in both AD and hip fractures [32, 33]. Older people with cognitive impairment are at significantly higher risk of sustaining a hip fracture than those who are cognitively intact [34]. In a study by Melton and colleagues, hip fracture risk over 10 years following the diagnosis of AD was 2.7-fold higher than in age- and sex-matched controls [34]. In addition, the incidence slope is relatively constant over time [34].




      Vitamin D is an important intermediate risk factor between dementia and hip fracture. The prevalence of vitamin D among people with AD is high and increases as the disease progresses in severity [35-37]. In one study of patients with AD living in residential aged care facilities, 54% had severe 25–hydroxy–vitamin D deficiency with concentration of less than 5 ng/mL [37]. There is also some data suggesting that low vitamin D may be associated with cognitive decline [38]. People with both AD and hip fractures have a lower dietary intake of calcium and vitamin D than AD without fractures [36]. Similarly, sunlight exposure is lowest in people with AD and fractures [37].




      People with AD have been found to have lower bone mineral density (BMD) but other studies have not supported this finding [36, 39, 40]. In a study of 140 participants, people with early AD were found to have lower mean BMD compared to those without, after adjustment of age, sex, smoking, physical activity, oestrogen replacement, depression, and apoE4 carrier status [41].




      Patients with AD also tend to have lower body mass index (BMI) compared with those who are cognitively intact [42]. In addition, weight loss is relatively common among people with AD, especially during the late stages [43]. In turn, low BMI is associated with increased risk of hip fracture, as reported in several but not all studies [44-47]. Evaluation of community-dwelling older women and men have found that a weight loss of 10% or more was associated with an adjusted relative risk for hip fracture of 1.8 and 2.9, respectively [45, 46]. On the other hand, weight gain of 10% or greater was associated with a relative risk reduction of 0.4 and 0.7, respectively [45, 46].




      Another common risk factor shared by both AD and hip fracture is depression. Depression is prevalent among community-dwelling people with possible or probable AD, estimated to be 20% and 13%, respectively [48]. A meta-analysis of 14 prospective studies have found that depression was associated with a hazard ratio of 1.17 for sustaining a fracture [49, 50]. In addition, depression is frequently associated with risk factors for hip fractures, namely higher risk of falls, reduced bone mineral density, higher prevalence of smoking, more sedentary lifestyle and lower calcium intake [51-53]. Furthermore, people with depression also have an increased risk of developing dementia [54]. Medications used for the treatment of depression can also influence the risk for hip fractures. Antidepressants can contribute to bone loss, increase falls and fracture risk [55-57].




      Patients with AD are more likely to take medications that are associated with increased risk for falls and hip fractures [27, 58]. Antipsychotics and anxiolytics, which are used in many patients with AD, can increase the risk of hip fracture. In particular, anxiolytics with a longer half-life are associated with an OR of 1.8 for sustaining a hip fracture [59]. However, anxiolytics have a limited role in the management of AD.


    




    

      HIP FRACTURE AND COGNITIVE DECLINE




      There is also evidence that sustaining a hip fracture can lead to cognitive decline. In a small study, 25 out of 26 patients with both AD and hip fracture had the onset of dementia after the fracture [34]. This observation may have arisen because patients had further cognitive decline after experiencing a hip fracture or the fracture event brought the diagnosis of AD to clinical attention. The latter postulation is probably more likely.




      Delirium is a common complication after hip fracture surgery, affecting 35-65% of patients [60]. In some patients, delirium can persist for months after hip fracture surgery. In a study of patients who had hip fracture surgery, delirium persisted for a month in 32% and for 6 months in 6% [61]. Therefore, delirium may also be an important contributing factor for cognitive decline after hip fracture [62].


    




    

      PREVENTING AND MANAGING HIP FRACTURES IN ALZHEIMER’S DISEASE




      Hip fracture prevention through falls prevention and maintaining good bone health is paramount among people with AD (Table 3). In the event that hip fractures has occurred, patients with AD should be managed according to evidence-based acute care and secondary preventive measures.




      

        Table 3 Strategies for preventing and managing hip fractures in people with Alzheimer’s disease.




        

          

            

              	Primary prevention of falls and hip fractures

            




            

              	• Multifactorial intervention addressing falls risk factors

            




            

              	• Management of bone health

            




            

              	Acute care

            




            

              	• Orthogeriatric co-management

            




            

              	• Optimal pain control

            




            

              	• Prevention and management of delirium

            




            

              	• Early mobilization

            




            

              	• Education of family and carers

            




            

              	Post-acute care

            




            

              	• Rehabilitation

            




            

              	• Secondary prevention of falls

            




            

              	• Management of osteoporosis

            




            

              	• Management of depression

            


          

        




      


    




    

      PRIMARY PREVENTION OF FALLS AND HIP FRACTURES




      Interventions to reduce falls are largely based on research among older people without cognitive impairment. There is limited evidence for effective falls intervention among people with dementia. In a Cochrane review of falls prevention, participants with cognitive impairment were specifically excluded from 66 of 111 studies among community-dwelling older people [63]. In addition, cognitive impairment was not specified as an inclusion or exclusion criterion in 44 studies. Only one of 41 studies conducted in residential facilities included participants with dementia [64]. This study involved 274 participants with a mean MMSE score of 13 who received multifactorial intervention based on risk factors for falls [64]. There was no difference in the proportion of participants who experienced falls in between those who received the intervention and those who did not during follow-up of a year.




      

        Falls Prevention




        Falls prevention interventional studies are urgently needed to determine which risk factors are modifiable and how the interventions can be best delivered among people with AD. In the absence of evidence, general measures such as discontinuation of inappropriate medications, minimise postural hypotension and modifications of environmental hazards are vital for preventing falls in this group of older people.




        Falls prevention should begin with asking patients or their caregivers about falls. Older people with AD who have had a fall or fear falling should have their balance and gait evaluated [65]. If balance or gait is impaired, a thorough evaluation of fall risk factors should include assessing visual impairment, postural blood pressure change, footwear, and medications [65]. Older people with AD and impaired balance or gait should be referred for supervised exercises [65, 66]. Inappropriate medication use is a common modifiable risk factor for falls in older people including those with AD [66]. Evidence support the rationalisation of, either by reducing or discontinuing, psychotropics and cardiometabolic drugs as an effective strategy of reducing the risk of falls [66].


      




      

        Managing and Preventing Osteoporosis




        Preventing hip fracture is a high priority in older people because more than 80% reported that they would prefer to die rather than suffer a hip fracture resulting in requiring long-term residential care [67]. Management of osteoporosis and vitamin D deficiency is one of the cornerstones of reducing hip fractures in older people including among those with AD. Osteoporosis remains a commonly underdiagnosed and undertreated condition in many older people, contrary to evidence-based recommendations. Misunderstandings among clinicians about the treatment of osteoporosis among people with dementia represent a missed opportunity for treating this condition and preventing fragility fractures [68]. Although current recommendations suggest using 10-year fracture risk estimation to guide pharmacological treatment, such approach do not address decision-making required among patients with life expectancies less than 10 years [69]. Currently used hip fracture risk estimator do not include many comorbidities or frailty features common among older people which would be important in the consideration of preventive pharmacological treatment for osteoporosis.




        Similar to the general population, fracture risk can be estimated with a number of tools in people with Alzheimer’s disorder [69]. Bone mineral density (BMD) can be determined by dual-energy x-ray absorptiometry (DXA) and T-scores generated are a strong predictor of future fractures, which are also used in some fracture risk predictor tools. The FRAX® tool (University of Sheffield) is the most validated and commonly used calculator for fracture risk assessment [70]. A 10-year estimated risk between 10% and 20% would indicate a moderate fracture risk while an estimated risk higher than 20% indicates a high risk. Although the FRAX® tool has many strengths for fracture risk estimation, this prediction model does not take into account risk factors in older people including cognitive impairment, falls, urinary incontinence, neurological disorders and polypharmacy. Therefore, some of these additional factors need to be taken into consideration when a person with AD is near the threshold for pharmacological intervention.




        Among people with AD, treatment of osteoporosis has been found to be effective for prevention of hip fractures in a randomized controlled trial [71]. In this study of 500 participants with AD with a mean MMSE of 16.5 who were randomized to receive risedronate with calcium and vitamin D or calcium and vitamin D only, a relative risk reduction of 74% was observed in the bisphosphonate group. The rate of serious side effects was low and comparable between the two study groups.




        People with AD may have reduced adherence oral bisphosphonate therapy in the long-term. Therefore, consideration can be given to using once a year intravenous zoledronic acid or subcutaneous denosumab once every six months [72, 73]. Although not specifically studied in people with cognitive impairment, zoledronic acid and denosumab has been demonstrated to be effective in reducing the risk of hip fractures [72, 73].




        Medical practitioners can be conflicted between deprescribing and commencing anti-osteoporosis medications to reduce fracture risk. Nevertheless, this concurrent approach of rationalising medications that cause falls and starting a medication of osteoporosis is appropriate for older people with multiple coexisting medical conditions requiring prevention of fragility fractures.


      


    




    

      ACUTE TREATMENT OF HIP FRACTURES




      The treatment of choice for almost all hip fractures involves surgical repair because this approach enables faster pain control and functional preservation. AD is not a contraindication for hip fracture surgery except for patients who have other coexisting medical illness that can lead to the risk of surgery exceeding its benefits. Sheehan et al have found that cognitive impairment is one of the more consistent factors to adversely affect the functional outcome of older people after hip fracture [74].




      Once hip fracture surgery is intended for an individual, the goals of acute hospital care in people with AD is no different from standard care. These goals include short time to surgery, minimize perioperative complications, adequate pain control, early mobilization to restore gait and function.




      

        Orthogeriatric Model of Care




        An orthogeriatric model of care involving co-management by both the orthopaedic and geriatric team has consistently been found to have improved outcomes for older people with hip fractures [75, 76]. This model is based on early preoperative assessment, daily co-management, protocol-based geriatric care and early initiation of discharge planning. Patients managed under this model have shorter-than-expected length of hospital stay, shorter time to surgery, low complications, and reduced mortality and readmission rates [76, 77]. In addition, geriatric comanagement has also been demonstrated to reduce postoperative complication rates for pressure ulcers, urinary tract infection, undernutrition, disturbance of sleep, recurrent falls and the need for institutionalization [78]. However, there is still considerable heterogeneity of studies which have assessed the efficacy of orthogeriatric units in managing patients with hip fracture and cognitive impairment resulting in limitations in conclusive findings.


      




      

        Timing of Surgery




        There is no reason for patients with AD to have a longer time to surgery unless pre-existing medical conditions require such a delay. Whenever possible, early surgical treatment is beneficial for patients because it improves pain and this leads to lower incidence of delirium. Delay to surgery of greater than two days for stable patients with hip fractures has been found to be predictive of longer length of stay and higher one-year mortality [79]. A meta-analysis including 35 studies with a total of 191,873 participants, have reported that early surgery within 24-48 hours of fracture was associated with reduced risk of mortality (pooled OR 0.74; 95%CI 0.67-0.81) [80]. Although this finding was impressive, confounding effects from failure of observational studies to identify patients whose surgery were delayed for valid medical reasons have not been fully accounted for and this group is predisposed to adverse outcomes.


      




      

        Prevention of Delirium




        AD is an independent risk factor for perioperative delirium [60]. In an observational study of 541 participants with hip fractures, cognitive impairment was an independent risk factor for delirium (adjusted relative risk of 3.6; 95% confidence interval 1.8-7.2) [81]. Other risk factors included advanced age, more severe cognitive impairment before fracture, pre-existing stroke or neurodegenerative disorders, communication difficulties and social isolation [82]. A systematic review and meta-analysis of hip fractures in the setting of impaired cognition have suggested that the NEECHAM Confusion Scale can be useful for assessment of delirium [83]. Such evaluation is most useful when clinicians also took into consideration identified risk factors for delirium.




        Several interventions have been found to effectively reduce the incidence of delirium after hip fractures but these are not specifically in people with AD. The first intervention involving proactive geriatric consultation has shown an absolute risk reduction of 18%, in comparison with the usual care group [60]. The number needed to treat to prevent one case of delirium was 5.6. Although such an approach was found to reduce the incidence of delirium, the duration or severity of this complication was not reduced once it has occurred. The second approach is a program adopting daily co-management involving both a geriatrician and an orthopaedic surgeon [84]. One study has reported that this approach lowers the incidence of delirium by 24% [84]. Evidence supporting the use of pharmacological intervention to reduce the incidence of postoperative delirium is lacking among people with AD.


      




      

        Adequate Analgesia




        Optimal pain control is essential after hip fracture surgery including for people with AD. Adequate analgesia leads to faster functional recovery, reduces the risk of delirium and improves quality of life. One study has shown that lower pain score in people with dementia after hip fracture surgery have a shorter hospital length of stay and higher likelihood of walking by 3 days post-operation [85].


      




      

        Early Mobilization




        Early mobilization after hip fracture is vital for preventing venous thromboembolism, pressure sores and pneumonia [86]. Cognitive impairment has not been found to be an impediment to immediate weight bearing and early mobilization [87]. Therefore, people with AD should be encouraged to mobilize under supervision after having hip fracture fixation, as permitted by their surgeon.


      




      

        Surgery in Severe Alzheimer’s Disease




        People with AD is a heterogeneous group in relation to severity of cognitive impairment, functional capacity and burden of coexisting diseases. Therefore, an individualized approach has to be taken to managing this group of patients when they sustain a hip fracture. Surgical repair of hip fracture among people with severe Alzheimer’s and limited life expectancy should reflect patients’ advance directives, family preferences as wells clinicians’ assessment of risks and benefits of treatment. However, there is a paucity of data about non-operative care for patients with hip fracture in the setting of severe cognitive impairment.


      


    




    

      POST-ACUTE CARE




      The goal of post-acute care after hip fracture is to ensure optimal recovery after hip fracture surgery and prevent future recurrent fractures. After the first hip fracture, the incidence of a second hip fracture rises by six-fold from 3.6 to 20 per 1000 person-years in women and by nine-fold from 1.6 to 15 per 1000 person-years in men [88]. This risk is even higher than in people with dementia compared to those without [89].




      

        Rehabilitation




        In the past, rehabilitation has been thought to be of doubtful benefit for people with AD who sustain hip fractures. However, evidence support benefits of rehabilitation among participants with mild-to-moderate dementia who sustain hip fractures [90, 91]. The loss of function that occurs after hip fracture among people with mild dementia can be recovered through post-surgery rehabilitation program. In one RCT, 91% of participants with mild dementia (MMSE: 18-23) in the interventional group who received rehabilitation were living independently at 3 months compared to 67% in the control (P = 0.009) [76]. For those with moderately severe dementia (MMSE: 12-17), 63% were living independently among those in the interventional group, compared to 17% among the control (P = 0.009). For participants with mild dementia, the median hospital length of stay was significantly lower in the interventional group compared with the control (29 vs 46 days). Among those with moderate dementia, the median length of hospital stay was also shorter in the interventional group compared to the control (47 vs 147 days). Another prospective longitudinal study in a geriatric rehabilitation centre has reported similar results [92].




        In a systematic review by Muir and Yohannes, intensive inpatient rehabilitation among patients with cognitive impairment after hip fracture surgical repair was beneficial for recovery physical function [93]. However, severe cognitive impairment still predicted a less favourable return to living independently.


      




      

        Preventing Recurrent Falls




        Hip fractures are usually related to minimal trauma arising from a fall. After sustaining a hip fracture, many patients are at risk of another fall. Therefore, secondary prevention of hip fracture must incorporate evaluation of falls risk factors.




        One study has demonstrated the effectiveness of a multidisciplinary interventional program to prevent inpatient falls and injuries during rehabilitation, including among patients with dementia [94, 95]. The intervention involved management of pain and delirium, removal of urinary catheter within 24 hours after surgery, prevention of urinary retention, supplementation of calcium and vitamin D, and protein drinks daily. However, this intervention has not been shown to sustain the effectiveness after discharge [96]. Further work is needed to identify ways of preventing falls beyond the hospital stay for acute care and rehabilitation following hip fracture, especially among people with AD.


      




      

        Treatment of Osteoporosis




        Studies have found that the treatment rate of osteoporosis was low even after patients have experienced hip fractures [97-100]. In a multi-centre study in the US involving 51,386 patients who had hip fracture repair, 6.6% received calcium and vitamin D after the surgery, 7.3% was treated with a bone antiresorptive therapy, and only 2% received both [101]. Similar low rates of treatment have been observed in other studies [99, 100]. Concern is heightened among patients with dementia who sustain hip fractures because they are even less likely to receive treatment for osteoporosis compared with those without cognitive impairment [102].




        In the United States, pharmacological treatment is recommended in people with (a) hip or vertebral fracture, (b) BMD T-scores of -2.5 or less, or (c) BMD T-scores between -1.0 and -2.5 and a 10-year risk of hip fracture of ≥3% or 10-year risk of major osteoporotic fracture of ≥20% [69].




        In the management of osteoporosis in older people with AD, life expectancy should be taken into consideration in the selection of pharmacological treatment (Fig. 1). Among older people, life expectancy is substantially heterogeneous. For example, the median life expectancy for an 80-year-old woman in a developed country is about 10 years. However, the life expectancy can range from less than 4 years for the “least healthy” quartile to more than 14 years for the “healthiest” quartile [103]. Clinicians should be aware that the benefits of pharmacological intervention for osteoporosis may be evident within 6 to 12 months and benefits may be derived immediately from effective fall prevention interventions. With increasing age, the number needed to treat to prevent one hip fracture decreases until after the age of 80 years [104]. Although a 90-year-old woman has a shorter life expectancy, she still has a significantly higher life-time fracture risk and lower number needed to treat to prevent one hip fracture, in comparison with a woman who is 70-year-old. Economic modelling suggest that treating older women for fracture reduction is cost effective when life expectancies are of at least two years [103]. One might expect that such findings would still apply to older women with mild-to-moderate AD with a life expectancy of two years or more. However, no similar study has been performed among male subjects.




        After addressing any calcium and vitamin D deficiency, bisphosphonate therapy is still the recommended first line secondary prevention of fractures (Fig. 1). The number of older people (average age of 85 years) needed to be treated with oral bisphosphonate to prevent one hip fracture is about 200 [105]. Even though oral bisphosphonate is considered the most cost-effective treatment for preventing hip fractures, therapy selection among people with AD should consider factors such as pill burden and comorbidities. Older patients already taking multiple oral medications for other coexisting conditions may prefer a once or twice a year formulation. For people with AD who have dysphagia or medication adherence difficulties, intravenous bisphosphonate such as zolendronic acid, or subcutaneous formulation such as denosumab, may be preferred. As stage IV and V chronic kidney disease is common in older people, and denosumab may be more appropriate in patients with this condition [69]. There are often barriers to initiating appropriate osteoporosis treatment including risk of interaction with other medications, lack of adherence and perceived shorter life expectancy [106]. Management of osteoporosis among older people should involve shared decision-making with patients and their family or caregivers, especially those with AD. Shared decision-making based on a clear understanding of the risks and benefits can encourage better treatment adherence.




        
[image: ]


Fig. (1))


        Managing older people with Alzheimer’s disease at risk of hip fracture. *Chronic kidney disease, stage IV: creatinine clearance 15-29 mL/min; Chronic kidney disease, stage V:

      




      

        Management of Depression




        The presence of AD and depression in older people have an additive effect. In a cohort study of patients with hip fracture, the coexistence of depression and dementia was associated with increased 12-month mortality (adjusted hazard ratio [HR] of 8.7 compared with 3.4 when only dementia was present) [107]. Therefore, recognising depressive symptoms in patients with hip fracture and AD is essential. Appropriate psychotherapy, family therapy and judicious use of antidepressant can be useful approaches to managing the depression in this setting [108]. If pharmacological treatment is required, SSRI is the preferred treatment for depression in AD and the initial dose should be low [108]. The duration of treatment with antidepressants need to be reviewed regularly. Appropriate management of depression can often help the patient to better engage in rehabilitation and also prevent future falls or recurrent fractures.


      


    




    

      GAPS IN CURRENT EVIDENCE AND FUTURE RESEARCH




      Despite recent advances, there is still a gap in the understanding of the interaction between AD, falls and hip fractures. In particular, there is a need to better understand the psychomotor aspect of AD which will be important for the prevention of falls.




      There is currently a paucity of evidence on effective intervention to prevent falls in people with AD or other forms of dementia. Residency in a nursing home and cognitive impairment were the main reasons for exclusions from participation in clinical trials on rehabilitation after hip fracture surgery [109]. To achieve better outcomes, this barrier needs to be addressed in future clinical trials, which will help translation to effective clinical practice. The Developing an Intervention for Fall-Related Injuries in Dementia (DIFRID) study is currently in progress to evaluate the feasibility of developing and implementing a new intervention to improve outcomes for people with dementia who sustain fall-related injuries [110]. Broadly, this approach is intended to enhance short-term recovery and reduce the likelihood of future falls. Key components of this new intervention cover three areas: (a) optimizing the circumstances of rehabilitation for people with dementia, (b) compensating strategies for the reduced ability to self-manage, and (c) equipping health providers with the necessary skills and information to manage this patient group. The results of this study will be awaited with interest.




      The ability to use gerontechnology tools to help prevent falls is another area that requires further investigation. A fall detection and fall risk assessment (FDFRA) system was developed using a sensor system [111]. Such intervention has been used to address fall risk factors and subsequently reduce risk of future falls. However further work is needed to evaluate the effectiveness of FDFRA system in preventing falls and related injuries. Sensor-based fall risk assessments of postural sway, functional mobility, stepping and walking can discriminate between fallers and non-fallers [112].




      The most cost-effective way of rehabilitation after hip fracture among people with AD has not been evaluated fully. For example, the effectiveness of community or home-based rehabilitation rather than inpatient for people with mild AD needs further research.




      Although current treatments are effective in reducing the risk of hip fracture, the residual risk in ‘real-world’ clinical practice is amplified by poor adherence [113]. In addition, the relative risk of recurrent hip fracture rises significantly after the initial fracture and is maximal within the first year. The risk of a second fracture persists for 10 years after the first one and secondary prevention should continue beyond the initial post-fracture period. To address this unmet gap in preventive measures, a subgroup of patients may require additional treatment such as surgical bone enhancement. Therefore, procedures that immobilise fracture or fill up local bone defect such as bone cysts, hemangioma or avascular necrosis, have been suggested to strengthen bone fragility of the proximal femur before the occurrence of fracture [114].




      Proposed strategies include prophylactic nailing, bone grafting with osteoinductive or osteoconductive materials and femoroplasty with cement [114-116]. Prophylactic nailing has been recommended for incomplete atypical femoral fractures but this approach is currently not performed in clinical practice for severe osteoporotic hips [117]. Femoroplasty involves injecting surgical cement, usually polymethylmethacrylate (PMMA), into an osteoporotic proximal femur. This procedure has been evaluated in animals and showed to improve bone strength by 30-80% [118, 119]. However, there is still no translation of this technique into humans. Some bone graft substitutes, such as calcium phosphate bone cements, resorbable allograft or polymers, can be used as an intra-osseous scaffold for delivery of bone anabolic agents for enhancing bone formation and consolidating bone mass [120]. As an example of osteoanabolic substance use, synthetic bone grafts can be carriers for growth factors to stimulate osteoblast proliferation, such as bisphosphonates or strontium [121-123]. The main disadvantage of bone graft substitutes is that these materials have been used to fill a defect such as a cyst or space left after tumour extraction. However, in osteoporosis, injecting osteoinductive or osteoconductive materials require fluidity to avoid administration under high pressure into the trabecular bone of the proximal femur.


    




    

      CONCLUSION




      AD is the commonest cause of dementia but remains a challenging problem for people at risk of hip fractures and for their recovery after such fracture. Risk factors for falls that are more specific for people with AD need to be clarified so that effective interventions can be designed. Evidence indicate that acute management of hip fractures involving orthogeriatric co-management offers a better clinical outcome including for patients with AD. Among people with mild-to-moderate dementia, intensive geriatric rehabilitation after hip fracture surgery is beneficial in returning this group of patients to their premorbid residence and therefore avoid long-term residential facility. Effective secondary prevention of hip fractures among people with AD requires further research. New materials such as osteoconductive and osteoinductive materials are currently under development and are promising ways to strengthen osteoporotic bones.
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