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Neuropsychiatric or behavioral and psychological symptoms of dementia (BPSD) represent a heterogeneous group of non-cognitive symptoms that are virtually present in all patients during the course of their disease. The aim of this study is to examine the prevalence and natural history of BPSD in a large cohort of patients with behavioral variant of frontotemporal dementia (bvFTD) and Alzheimer's disease (AD) in three stages: (i) pre-T0 (before the onset of the disease); (ii) T0 or manifested disease (from the onset to 5 years); (iii) T1 or advanced (from 5 years onwards). Six hundred seventy-four clinical records of patients with bvFTD and 1925 with AD, from 2006 to 2018, were studied. Symptoms have been extracted from Neuropsychiatric Inventory (NPI) and from a checklist of BPSD for all periods observed. In our population, BPSD affect up to 90% of all dementia subjects over the course of their illness. BPSD profiles of the two dementia groups were similar but not identical. The most represented symptoms were apathy, irritability/affective lability, and agitation/aggression. Considering the order of appearance of neuropsychiatric symptoms in AD and bvFTD, mood disorders (depression, anxiety) come first than the other BPSD, with the same prevalence. This means that they could be an important “red flag” in detection of dementia. With the increase of disease severity, aberrant motor behavior and wandering were significantly more present in both groups. Differences between BPSD in AD and bvFTD resulted only in prevalence: Systematically, in bvFTD, all the symptoms were more represented than in AD, except for hallucinations, depression, anxiety, and irritability. Given their high frequency and impact on management and overall health care resources, BPSD should not be underestimated and considered as an additional important diagnostic and therapeutic target both in patients with AD and bvFTD.
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INTRODUCTION

Dementia is an insidious syndrome characterized by the progressive decline of mental functions. In addition to cognitive deficits, at least 90% of patients exhibit various neuropsychiatric or behavioral and psychological symptoms of dementia (BPSD) at any given point in the course of their illness (1). BPSD can be defined as a wide range of non-cognitive symptoms involving perception (e.g., hallucinations), mood (e.g., depression, anxiety), behavior (e.g., aggression, disinhibition), personality, and basic functioning (2–6). The pathogenesis of these symptoms is not still completely understood, and the current knowledge supports multifactorial causes, involving the interaction of biological, psychological, and social factors (7). It has been shown that BPSD are associated with high levels of distress both in dementia sufferers and their caregivers, as well as with adverse outcomes, long-term hospitalization, and misuse of medications and increased use of health care resources (8–12). Thus, in addition to cognitive deterioration, BPSD are a relevant and meaningful clinical target for intervention (13) although are still now considered as non-disease–specific markers (14). Despite the importance of these symptoms in both clinical characterization and prognosis of dementia, the few studies performed on their natural history and prevalence achieved mixed results (15–20). However, previous studies suggest that some of these symptoms are more predominant in one type of dementia than in another (15). Instead, understanding the full course of BPSD in different forms of dementia might be important to guide treatment choices and to improve the quality of life of both patients and their caregivers. In particular, we decided to focus our attention on the comparison of prevalence and natural history of BPSD between Alzheimer's disease—the most prevalent form of senile dementia (21)—and the behavioral variant of Fontotemporal Dementia—the most common form of presenile dementia (16).


Alzheimer's Disease (AD) and BPSD

Alzheimer's disease (AD) is the most widespread neurodegenerative disorder worldwide (20–22), typically characterized by memory loss and other cognitive deficits (20, 23). BPSD are being increasingly recognized as common serious problems in AD (8). Several findings suggest that some BPSD—i.e., depression, anxiety, and apathy—can occur before the onset of cognitive decline in AD (8, 24, 25) and could predict both cognitive decline and progression from MCI to AD (26). On the other hand, it has been reported an onset of BPSD several months after AD diagnosis (27). Conflicting results were also obtained about the prevalence of BPSD. Several findings showed that apathy is the most common BPSD in AD (20, 28, 29). Conversely, other studies indicated sleep disturbances (17), irritability/aggression (18), or depression (30) as the most prevalent BPSD in AD. These discordant findings stress the urgency to better characterize the prevalence and natural history of BPSD in AD.



Frontotemporal Dementia (FTD) and BPSD

Frontotemporal dementia (FTD) is the most frequent neurodegenerative disorder with a presenile onset (16, 31). Based on clinical presentation, there are three main clinical syndromes of FTD: (i) behavioral variant FTD (bvFTD); (ii) non-fluent primary progressive aphasia (PPA); (iii) and semantic variant primary progressive aphasia (svPPA) (32). bvFTD represents the most frequent clinical picture of FTD (33) and is the only neurodegenerative disorder that requires the presence of behavioral changes to establish the diagnosis (32). These symptoms include disinhibition, apathy, hyperorality, and dietary changes (34). However, it has been shown that most people with FTD also show psychotic symptoms, such as delusions or hallucinations (35), resembling schizophrenia, major depressive and bipolar spectrum disorders (16, 36). On the other hand, Mendez et al. (19) documented an infrequency of psychotic symptoms in patients with bvFTD. Compared to patients with AD, Mukherjee et al. (15) reported a higher frequency of delusions and a low frequency of hallucinations (15), whereas Mendez et al. (37), a lower frequency of both delusions and hallucinations in bvFTD. These contradictory findings highlight the need to better understand the prevalence and natural history of BPSD in bvFTD and to make a comparison with patients with AD, in particular for psychotic symptoms.




THE CURRENT STUDY

The aim of this retrospective study was to examine the prevalence and to compare the natural history of BPSD in a large cohort of patients with AD and bvFTD. More specifically, we wished to establish the frequency and type of BPSD in relation to the onset of these two types of dementia.



MATERIALS AND METHODS


Participants and Procedure

The study population included 2,599 patients with bvFTD and AD (950 men and 1,649 women), followed at the Regional Neurogenetic Centre (ASP CZ) from 2006 to 2018. Diagnosis was performed according to criteria of The Lund and Manchester Groups Englund et al. (38) and Rascovsky et al. (32), NINCDS-ADRDA criteria (39), and National Institute on Aging and Alzheimer's Association workgroup (40). Data were retrospectively extracted from the respective medical records on the basis of completeness of clinical data. Inclusion criteria were: (1) Diagnosis of probable AD or bvFTD according to the above-mentioned criteria; (2) Availability of a reliable caregiver; (3) Completeness of clinical data; (4) Patients free from pharmacologic treatments for BPSD. Exclusion criteria were: (1) Patients with a past history of psychiatric illness and/or any neurological illness that could interfere with neuropsychological tests; (2) Unavailability of a reliable caregiver; (3) Incompleteness of clinical data; (4) Known or suspected history of alcoholism or drug abuse. Most of the patients were from Southern Italy. As this paper focuses on natural course of BPSD in dementia, we identified the moment in which the BPSD appeared in the history of the disease: (i) pre-T0 (before the onset of the disease); (ii) T0 or manifested disease (from the onset to 5 years); (iii) T1 or advanced (from 5 years onwards).


bvFTD Cohort

The bvFTD sample included 674 patients (317 men and 357 women). Their mean age was 66.7 ± 11.1 years. The mean follow-up was 2.6 years ± 2.8, and the first clinical observation was 4.6 ± 4.3 years after the onset of the symptoms (ETOV: Elapsing Time between Onset and first Visit).



AD Cohort

The AD sample included 1,925 patients (1,292 women and 633 men). Their mean age was 71.5 ± 8.9 years, the mean follow-up was 3.5 ± 2.9 years, and ETOV was 3.7 ± 3.2 years.





MEASURES

A detailed anamnesis and clinical history were collected to identify the first core signs experienced by the patients or observed by family that could be identified as the moment of the onset of dementia. Exhaustive information was also collected for the time preceding the onset of dementia. We also analyzed data from the following examinations that are routinely performed in our Center at the first visit and every 6 months in all patients:

◾ Mini-Mental State Examination (MMSE) (41);

◾ Clinical Dementia Rating Scale (CDR) (42);

◾ Clinical Insight Rating Scale (CIRS) (43);

◾ Activities of Daily Living (ADL) (44);

◾ Instrumental Activities of Daily Living (IADL) (45);

◾ Neuropsychiatric Inventory (NPI) (46);

◾ A checklist encompassing wandering and the same BPSD of NPI extrapolated from the patient's history collected in the medical records (8, 47).


Statistical Analysis

All analyses were performed with SPSS statistical software 21 (SPSS Inc., Chicago, IL, USA). Descriptive statistics, frequencies, contingency coefficient test (cross tabs) were evaluated to analyze prevalence and occurrence of BPSD. For the analysis of dichotomous variables between two groups, a chi-square cross tab test was performed. The effect of sample size on the strength of the relationship was tested using ϕ. The time of the presentation of each BPSD (a continuous variable) was calculated and compared in AD and bvFTD, using the Student's T-test. Cohen's d was used to calculate the effect size. Statistical significance was set at <0.05.




RESULTS

Table 1 reports the comparison of the demographic and clinical characteristics of the two groups (AD and bvFTD). Female gender (p < 0.001), late onset (p < 0.001), and low education (p < 0.001) were more represented in AD compared to the bvFTD group. Patients with AD also arrive to the first clinical consultation before patients with bvFTD (ETOV) (p < 0.001). On the CDR, both groups showed a slight/moderate dementia (AD < bvFTD), with patients with AD being more autonomous (on ADL and IADL, p < 0.001; p < 0.001), and more aware about their clinical status (CIRS) (p < 0.001) than patients with bvFTD.


Table 1. Baseline characteristics of the AD and bvFTD groups.
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Prevalence of BPSD

The prevalence of at least one BPSD was high in both groups: 96.4% of the bvFTD sample, and 90.8% of the AD sample. The most frequent symptoms were apathy (FTD, 74.6%; AD, 57.4%), irritability/affective lability (bvFTD, 52.5%; AD, 50.5%) and agitation/aggression (bvFTD, 49.7%; AD, 42.3%) (Figure 1, Table 2). The prevalence was significantly higher in patients with bvFTD compared to patients with AD for delusions (p = 0.003), agitation/aggression (p = 0.001), euphoria (p < 0.001), apathy (p < 0.001,) disinhibition (p < 0.001), aberrant motor behavior (p < 0.001), sleep/nighttime behavior (p < 0.001), eating disorders (p < 0.001), and wandering (p < 0.001) (Figure 1, Table 2). T0 is the time in which BPSD were more frequent in both groups (Table 3). Euphoria and aberrant motor behavior were absent in pre-T0 in both groups. There was a difference in prevalence of BPSD between the two clinical groups in all the three periods considered. In patients with AD, the most represented BPSD in pre-T0 were depression (4.2%) and apathy (2.5%); in T0 were apathy (44.3%) and irritability/affective lability (37%); in T1 were agitation/aggression (15.9%) and irritability/affective lability (12.8%). In the bvFTD group, apathy was always the most frequent BPSD: at pre-T0 is 6.8%, followed by depression (6.7%); at T0, apathy is 62.8%, followed by irritability/affective lability (39.2%); at T1 apathy was 21.5%, followed by agitation/aggression (18.4%) (Table 3). In all three stages, each BPSD was generally more represented in bvFTD than in AD. At pre-T0, the prevalence was significantly higher in bvFTD compared to patients with AD for delusions (p < 0.001), hallucinations (p < 0.001), agitation/aggression (p = 0.006), euphoria (p < 0.001), apathy (p < 0.001), disinhibition (p < 0.001), and eating disorders (p = 0.003) (Table 3). At T0, for delusions (p = 0.001), agitation/aggression (p < 0.001), euphoria (p < 0.001), apathy (p < 0.001), disinhibition (p < 0.001), aberrant motor behavior (p < 0.001), eating disorders (p < 0.001), and wandering (p < 0.001). At T1 euphoria (p < 0.001), apathy (p < 0.001), disinhibition (p < 0.001), aberrant motor behavior (p < 0.001), eating disorders (p < 0.001), and wandering (p = 0.002) (Table 3).


[image: Figure 1]
FIGURE 1. Prevalence of BPSD in AD and bvFTD groups.



Table 2. Prevalence of BPSD in the whole sample and in AD and bvFTD groups.
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Table 3. Prevalence of BPSD in AD and bvFTD groups divided by three periods.
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Natural History of BPSD

Considering the mean (in years) of the onset of BPSD in relation to the onset of dementia, most BPSD were identified at T0, but some signs were also identified at pre-T0 and T1. Depression was the first appearing BPSD, followed by apathy and anxiety in bvFTD and anxiety and apathy in AD (Figure 2). In patients with bvFTD, depression became obvious 0.5 years before the onset of dementia, while, in AD, was reported at 1.08 years after the onset of dementia. The BPSD that significantly appear first in AD compared to patients with bvFTD were: depression (p = 0.002), apathy (p < 0.001), hallucinations (p = 0.001), agitation/aggression (p = 0.018), and disinhibition (p < 0.001) (Table 4, Figure 2).


[image: Figure 2]
FIGURE 2. Mean of the year of the BPSD onset in the disease's history in AD and bvFTD groups. *Significant difference (p < 0.05). **Significant difference (p < 0.001).



Table 4. The BPSD onset in AD and bvFTD groups.
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DISCUSSION

BPSD are very common, nearly invariable, and are associated with high levels of distress in both dementia sufferers and their caregivers. In our study, we examined the prevalence and the timing of BPSD in a sample of 2,599 patients with AD and bvFTD. Our results confirm that, during the natural course of dementia, BPSD can be subjectively experienced by the patients and/or reported by the caregivers. We found that BPSD were present in over 90% of the whole cohort, more specifically in 96.4% in bvFTD and 90.8% in AD cohorts over the course of their illness. Apathy was the most represented symptom in both diseases (61.9% of the entire sample) in agreement with previous studies (3, 48, 49). Interestingly, in patients with bvFTD, apathy was the most frequent symptom throughout the whole course of the disease. These data are in agreement with Kumfor et al. (49) who found that 60% of patients with AD and 84% of patients with bvFTD had apathy, and it was more severe and frequent in patients with bvFTD. About patients with AD, we found that depression and apathy were the most frequent symptoms in the early phases of the disease and agitation in the late ones. These data confirm that depression and apathy could represent a wake-up call to which clinicians should pay attention for the early detection of AD (26). However, delusions and hallucinations were also present in a consistent percentage in both patients with AD and bvFTD. This is an interesting finding, as these psychotic symptoms have not been systematically reported as part of the clinical FTD (32, 50) and AD (39, 40) criteria. Based on previous studies, in general, psychotic symptoms were considered quite rare in FTD compared to other dementia diseases, and, only recently, some studies have found a higher proportion of patients with psychotic features as part of their FTD symptomatology. Landqvist Waldö et al. (35) found that psychotic symptoms were present in 32% of their FTD neuropathologically verified sample, while Legarde and Sarazin (51) found a frequency of 20%. Considering the timing of the onset of BPSD in AD and bvFTD, most of these symptoms had the onset within 5 years from the onset of dementia. However, some BPSD appeared after 5 years and, in FTD, even before the onset of dementia. Mood disorders (depression, anxiety) had an earlier onset compared to other BPSD, with the same frequency in both dementias. In particular, depression was the first symptom that, in bvFTD, a sample could already be observed before the onset of the disease (the mean of the year of the onset of depression is 0.5 year before the onset of cognitive sympthoms). Many studies explored the temporal relationship between depressive symptoms and cognitive impairment (52, 53), suggesting that depression could be able to predict dementia and that mood disorders may be an important “red flag” in detection of neurocognitive impairment and people should learn to recognize them to reach a prompt diagnosis. This may explain why, in our patients, the time elapsed between the onset of symptoms of dementia, and the first visit was delayed (around 4 years). The diagnostic delay (54) may be due to the fact that initial signs of cognitive impairment or deflection of mood in elderly people is considered to be normal, and they may arrive to a clinical consultation only when the concern for their cognitive and behavioral symptoms has become more serious for the patients and/or the families.

This study has potential limitations. Firstly, the different patterns of BPSD that we observed between patients with AD and patients with bvFTD can be related to several genetic risk factors, brain's pathophysiological changes, gender differences, drugs usage, and the different neurobiological profiles of the two pathologies. Indeed, further studies are needed to correlate genetic risk factors with the manifestation of BPSD, as well as to analyze the different patterns of BPSD and brain functional changes across the course of the disease in AD and bvFTD, taking into account gender differences and drugs. Secondly, NPI is a broad-spectrum screening test. In future researches, it may be useful to administer more specific tests for some symptoms, such as geriatric depression scale (GDS) and apathy evaluation scale (AES). Third, several associations appear to be weak, albeit with an alpha value over the significance threshold.



CONCLUSION

BPSD profiles of the two groups were similar but not identical. An early and correct identification and evaluation of BPSD are challenges and crucial parts in the clinical approach and management of these disorders. As at the disease onset, BPSD may dominate the clinical picture and may be interpreted as a primary psychiatric disorder, this can delay the proper evaluation and diagnosis of dementia (55). This is an important point as the earlier diagnosis is reached; more families and patients will be able to benefit from the use of appropriate clinical support and possible intervention. Because of their high frequency and impact on management and overall health care resources, BPSD should not be underestimated and be considered as an additional important diagnostic and therapeutic target both in patients with AD and patients with bvFTD. In conclusion, from a qualitative point of view, mood disorders were more often seen in the preclinical phase and/or in the first years of dementias in our cohort, while motor behaviors (aberrant motor activity and wandering) tended to occur in the later stages, generally after 5 years from the onset. This sequence was found in both diseases, and the main difference in BPSD between FTD and AD was quantitative and mainly related to their frequencies, being more represented in FTD than in AD.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

VL and FB wrote the manuscript. GP, FF, CC, VL, MM, RC, and SC collected clinical data. VL, FB, NS, GT, GM, DA, AMa, and AMo created database, tables, and figures. NA, NS, and RD performed statistical analysis. VL, GB, RM, and AB conceived and designed the study. All authors revised the manuscript and approved the submitted version.



FUNDING

Association for Neurogenetic Research (ARN) provided fund for open access publication fees.



REFERENCES

 1. Devshi R, Shaw S, Elliott-King J, Hogervorst E, Hiremath A, Velayudhan L, et al. Prevalence of behavioural and psychological symptoms of dementia in individuals with learning disabilities. Diagnostics. (2015) 5:564–76. doi: 10.3390/diagnostics5040564

 2. Craig D, Mirakhur A, Hart DJ, McIlroy SP, Passmore AP. A cross-sectional study of neuropsychiatric symptoms in 435 patients with Alzheimer's disease. Am J Geriatr Psychiatry. (2005) 13:460–8. doi: 10.1097/00019442-200506000-00004

 3. Zhao QF, Tan L, Wang HF, Jiang T, Tan MS, Tan L, et al. The prevalence of neuropsychiatric symptoms in Alzheimer's disease: systematic review and meta-analysis. J Affect Disord. (2016) 190:264–71. doi: 10.1016/j.jad.2015.09.069

 4. Finkel SI, Silva JC, Cohen G, Miller S, Sartorius N. Consensus statement: behavioral and psychological signs and symptoms of dementia: a consensus statement on current knowledge and implications for research and treatment. Int Psychogeriatr. (1996) 8:497–500. doi: 10.1017/S1041610297003943

 5. Kosel F, Pelley JM, Franklin TB. Behavioural and psychological symptoms of dementia in mouse models of Alzheimer's disease-related pathology. Neurosci Biobehav Rev. (2020) 112:634–47. doi: 10.1016/j.neubiorev.2020.02.012

 6. Ballard C, Corbett A. Management of neuropsychiatric symptoms in people with dementia. CNS Drugs. (2010) 24:729–39. doi: 10.2165/11319240-000000000-00000

 7. Robert PH, Verhey FR, Byrne EJ, Hurt C, De Deyn PP, Nobili F, et al. Grouping for behavioral and psychological symptoms in dementia: clinical and biological aspects. Consensus paper of the European Alzheimer disease consortium. Eur Psychiatry. (2005) 20:490–6. doi: 10.1016/j.eurpsy.2004.09.031

 8. Altomari N, Bruno F, Laganà V, Smirne N, Colao R, Curcio S, et al. A comparison of Behavioral and Psychological Symptoms of Dementia (BPSD) and BPSD Sub-Syndromes in early-onset and late-onset Alzheimer's disease. J Alzheimers Dis. (2021) 85:691–9. doi: 10.3233/JAD-215061

 9. Hongisto K, Hallikainen I, Selander T, Törmälehto S, Väätäinen S, Martikainen J, et al. Quality of life in relation to neuropsychiatric symptoms in Alzheimer's disease: 5- year prospective ALSOVA cohort study. Int J Geriatr Psychiatry. (2018) 33:47–57. doi: 10.1002/gps.4666

 10. Eikelboom WS, Singleton E, van den Berg E, Coesmans M, MattaceRaso F, van Bruchem RL, et al. Early recognition and treatment of neuropsychiatric symptoms to improve quality of life in early Alzheimer's disease: protocol of the BEAT-IT study. Alzheimers Res Ther. (2019) 11:48. doi: 10.1186/s13195-019-0503-2

 11. Brodaty H, Connors MH, Xu J, Woodward M, Ames D, PRIME Study Group. Predictors of institutionalization in dementia: a three year longitudinal study. J Alzheimers Dis. (2014) 40:221–6. doi: 10.3233/JAD-131850

 12. Isik AT, Soysal P, Solmi M, Veronese N. Bidirectional relationship between caregiver burden and neuropsychiatric symptoms in patients with Alzheimer's disease: a narrative review. Int J Geriatr Psychiatry. (2019) 34:1326–34. doi: 10.1002/gps.4965

 13. Katona C, Livingston G, Cooper C, Ames D, Brodaty H, Chiu E. International Psychogeriatric Association consensus statement on defining and measuring treatment benefits in dementia. Int Psychogeriatr. (2007) 19:345–54. doi: 10.1017/S1041610207005145

 14. International Psychiatric Association (IPA). Complete Guides to Behavioural Psychological Symptoms of Dementia (1996). Available online at: https://www.ipa-online.org/publications/guides-to-bpsd.

 15. Mukherjee A, Biswas A, Roy A, Biswas S, Gangopadhyay G, Das SK. Behavioural and psychological symptoms of dementia: correlates and impact on caregiver distress. Dement Geriatr Cogn Dis Extra. (2017) 7:354–65. doi: 10.1159/000481568

 16. Galimberti D, Dell'Osso B, Altamura AC, Scarpini E. Psychiatric symptoms in frontotemporal dementia: epidemiology, phenotypes, differential diagnosis. Biol Psychiatry. (2015) 78, 684–92. doi: 10.1016/j.biopsych.2015.03.028

 17. Winsky-Sommerer R, de Oliveira P, Loomis S, Wafford K, Dijk DJ, Gilmour G. Disturbances of sleep quality, timing and structure and their relationship with other neuropsychiatric symptoms in Alzheimer's disease and schizophrenia: insights from studies in patient populations and animal models. Neurosci Biobehav Rev. (2019) 97:112–37. doi: 10.1016/j.neubiorev.2018.09.027

 18. Youn JC, Lee DY, Jhoo JH, Kim KW, Choo IH, Woo JI. Prevalence of neuropsychiatric syndromes in Alzheimer's disease (AD). Arch Gerontol Geriatr. (2011) 52:258–63. doi: 10.1016/j.archger.2010.04.015

 19. Mendez MF, Lauterbach EC, Sampson SM. An evidence-based review of the psy-chopathology of frontotemporal dementia:a report of the ANPA Committee on Research. J Neuropsychiatry Clin Neurosci. (2008) 20:130–49. doi: 10.1176/jnp.2008.20.2.130

 20. Zheng W, Su Z, Liu X, Zhang H, Han Y, Song H, et al. Modulation of functional activity and connectivity by acupuncture in patients with Alzheimer disease as measured by resting-state fMRI. PLoS ONE. (2018) 13:e0196933. doi: 10.1371/journal.pone.0196933

 21. Alzheimer's Association. 2016 Alzheimer's disease facts and figures. Alzheimers Dement. (2016)12:459–509. doi: 10.1016/j.jalz.2016.03.001

 22. García-Blanco A, Baquero M, Vento M, Gil E, Bataller L, Cháfer-Pericás C. Potentialoxidative stress biomarkers of mild cognitive impairment due to Alzheimer disease. J Neurol Sci. (2017) 373:295–302. doi: 10.1016/j.jns.2017.01.020

 23. Abondio P, Sarno S, Giuliani C, Laganà V, Maletta R, Bernardi L, et al. Amyloid precursor protein A713T mutation in calabrian patients with Alzheimer's disease: a population genomics approach to estimate inheritance from a common ancestor. Biomedicines. (2021) 10:20. doi: 10.3390/biomedicines10010020

 24. Johansson M, Stomrud E, Lindberg O, Westman E, Johansson PM, van Westen D, et al. Apathy and anxiety are early markers of Alzheimer's disease. Neurobiol Aging. (2020) 85, 74–82. doi: 10.1016/j.neurobiolaging.2019.10.008

 25. Masters MC, Morris JC, Roe CM. “Noncognitive” symptoms of early Alzheimer disease: a longitudinal analysis. Neurology. (2015) 84:617–22. doi: 10.1212/WNL.0000000000001238

 26. Ma L. Depression, anxiety, and apathy in mild cognitive impairment: current perspectives. Front Aging Neurosci. (2020) 12:9. doi: 10.3389/fnagi.2020.00009

 27. Mushtaq R, Pinto C, Tarfarosh SF, Hussain A, Shoib S, Shah T, et al. A comparison of the Behavioral and Psychological Symptoms of Dementia (BPSD) in early-onset and late-onset Alzheimer's Disease-A study from South East Asia (Kashmir, India). Cureus. (2016) 8:e625. doi: 10.7759/cureus.625

 28. D'Onofrio G, Sancarlo D, Panza F, Copetti M, Cascavilla L, Paris F, et al. Pilotto Neuropsychiatric symptoms and functional status in Alzheimer's disease and vascular dementia patients. Curr Alzheimer Res. (2012) 9:759–71. doi: 10.2174/156720512801322582

 29. Charernboon T, Phanasathit M. Prevalence of neuropsychiatric symptoms in Alzheimer's disease: a cross-sectional descriptive study in Thailand. J Med Assoc Thai. (2014) 97:560–5.

 30. Hart DJ, Craig D, Compton SA, Critchlow S, Kerrigan BM, McIlroy SP, et al. A retrospective study of the behavioural and psychological symptoms of mid and late phase Alzheimer's disease. Int J Geriatr Psychiatry. (2003) 18:1037–42. doi: 10.1002/gps.1013

 31. Bruno F, Conidi ME, Puccio G, Frangipane F, Laganà V, Bernardi L, et al. A novel mutation (D395A) in valosin-containing protein gene is associated with early onset frontotemporal dementia in an Italian family. Front Genet. (2021) 12:795029. doi: 10.3389/fgene.2021.795029

 32. Rascovsky K, Hodges JR, Knopman D, Mendez MF, Kramer JH, Neuhaus J, et al. Sensitivity of revised diagnostic criteria for the behavioural variant of frontotemporal dementia. Brain. (2011) 134:2456–77. doi: 10.1093/brain/awr179

 33. Johnson JK, Diehl J, Mendez MF, Neuhaus J, Shapira JS, Forman M, et al. Frontotemporal lobar degeneration: demographic characteristics of 353 patients. Arch Neurol. (2005) 62:925–30. doi: 10.1001/archneur.62.6.925

 34. Cummings J. The role of neuropsychiatric symptoms in research diagnostic criteria for neurodegenerative diseases. Am J Geriatr Psychiatry. (2021) 29:375–83. doi: 10.1016/j.jagp.2020.07.011

 35. Landqvist Waldö M, Gustafson L, Passant U, Englund E. Psychoticsymptoms in frontotemporaldementia: a diagnostic dilemma? Int Psychogeriatr. (2015) 27:531–9. doi: 10.1017/S1041610214002580

 36. Peet BT, Castro-Suarez S, Miller BL. The neuropsychiatric features of behavioral variant frontotemporal dementia. Adv Exp Med Biol. (2021) 1281:17–31. doi: 10.1007/978-3-030-51140-1_2

 37. Mendez MF, Shapira JS, Woods RJ, Licht EA, Saul RE. Psychotic symptoms in frontotemporal dementia: prevalence and review. Dement Geriatr Cogn Disord. (2008) 25:206–11. doi: 10.1159/000113418

 38. Englund B, Brun A, Gustafson L, Passant U, Mann D, Neary D, et al. Clinical and neuropathological criteria for frontotemporal dementia. J Neurol Neurosurg Psychiatry. (1994) 57:416–8. doi: 10.1136/jnnp.57.4.416

 39. McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM. Clinical diagnosis of Alzheimer's disease: report of the NINCDS-ADRDA Work Group under the auspices of Department of Health and Human Services Task Force on Alzheimer's disease. Neurology. (1984) 34:939–44. doi: 10.1212/WNL.34.7.939

 40. McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR Jr, Kawas CH, et al. The diagnosis of dementia due to Alzheimer's disease: recommendations from the National Institute on Aging-Alzheimer's Association workgroups on diagnostic guidelines for Alzheimer's disease. Alzheimers Dement. (2011) 7:263–9. doi: 10.1016/j.jalz.2011.03.005

 41. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”: a practical method for grading the cognitive state of patients for the clinician. J Psychiatr Res. (1975) 12:189–98. doi: 10.1016/0022-3956(75)90026-6

 42. Hughes CP, Berg L, Danziger WL, Coben LA, Martin RL. A new clinical scale for the staging of dementia. Br J Psychiatry. (1982) 140:566–72. doi: 10.1192/bjp.140.6.566

 43. Ott BR, Lafleche G, Whelihan WM, Buongiorno GW, Albert MS, Fogel BS. Impaired awareness of deficits in Alzheimer disease. Alzheimer Dis Assoc Disord. (1996) 10:68–76. doi: 10.1097/00002093-199601020-00003

 44. Katz S. Assessing self-maintenance: activities of daily living, mobility, and instrumental activities of daily living. J Am Geriatr Soc. (1983) 31:721–7. doi: 10.1111/j.1532-5415.1983.tb03391.x

 45. Lawton MP, Brody EM. Assessment of older people: self-maintaining and instrumental activities of daily living. Gerontologist. (1969) 9:179–86. doi: 10.1093/geront/9.3_Part_1.179

 46. Cummings JL, Mega M, Gray K, Rosenberg-Thompson S, Carusi DA, Gornbein J. The Neuropsychiatric Inventory comprehensive assessment of psychopathology in dementia. Neurology. (1994) 44:2308. doi: 10.1212/WNL.44.12.2308

 47. Smirne N, Notaro P, Addesi D, Laganà V, Altomari N, Torchia G, et al. Phenotypic expressions of Alzheimer's disease: a gender perspective. Ital J Gend Specif Med. (2018) 4:114–22. doi doi: 10.1723/3035.30355

 48. Lima-Silva TB, Bahia VS, Carvalho VA, Guimarães HC, Caramelli P, Balthazar ML, et al. Neuropsychiatric symptoms, caregiver burden and distress in behavioral-variant frontotemporal dementia and Alzheimer's disease. Dement Geriatr Cogn Disord. (2015) 40: 268–75. doi: 10.1159/000437351

 49. Kumfor F, Zhen A, Hodges JR, Piguet O, Irish M. Apathy in Alzheimer's disease and frontotemporal dementia: distinct clinical profiles and neural correlates. Cortex. (2018) 103:350–9. doi: 10.1016/j.cortex.2018.03.019

 50. Neary D, Snowden JS, Gustafson L, Passant U, Stuss D, Black S, et al. Frontotemporal lobar degeneration: a consensus on clinical diagnostic criteria. Neurology. (1998) 51:1546–54. doi: 10.1212/WNL.51.6.1546

 51. Legarde J, Sarazin M. Rapprochement entre neurologie et psychiatrie: le cas prototypique de la dégénérescence frontotemporale. Encéphale. (2016) 43:471–9. doi: 10.1016/j.encep.2016.09.001

 52. Neubauer AB, Wahl HW, Bickel H. Depressive symptoms as predictor of dementia versus continuous cognitive decline: a 3-year prospective study. Eur J Ageing. (2012) 10:37–48. doi: 10.1007/s10433-012-0246-4

 53. Panza F, D'Introno A, Colacicco AM, Capurso C, Del Parigi A, Caselli RJ, et al. Temporal relationship between depressive symptoms and cognitive impairment: the Italian longitudinal study on aging. J Alzheimers Dis. (2009) 17:899–911. doi: 10.3233/JAD-2009-1111

 54. de Miranda L, Matoso RO, Rodrigues MV, de Lima T, Nascimento AF, Carvalho F, et al. Factors influencing possible delay in the diagnosis of Alzheimer's disease: findings from a tertiary Public University Hospital. Dement Neuropsychol. (2011) 5:328–31. doi: 10.1590/S1980-57642011DN05040011

 55. Guimarães HC, Vale TC, Pimentel V, de Sá NC, Beato RG, Caramelli P. Analysis of a case series of behavioral variant frontotemporal dementia: emphasis on diagnostic delay. Dement Neuropsychol. (2013) 7:55–9. doi: 10.1590/S1980-57642013DN70100009

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Laganà, Bruno, Altomari, Bruni, Smirne, Curcio, Mirabelli, Colao, Puccio, Frangipane, Cupidi, Torchia, Muraca, Malvaso, Addesi, Montesanto, Di Lorenzo, Bruni and Maletta. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-13-832199-t003.jpg
BPSD

Delusions
Hallucinations
Agtation/aggression
Depression

Anxiety

Euphoria

Apathy

Disinhibition
Intability/Affective labilty
Aberrant motor behavior
Sleep/nighttime behavior
Eating disorders.
Wandering

Data are presented as %.

AD

04
03
05
42
22

25
0.2
07

12
0.1
0.1

“Significant difference (b < 0.05).
“Significant difference (p < 0.001).

pre-T0
FTD

19
19
1.6
6.7
25

6.8
1.6
18

18
0.7
0.1

<0.001*

<0.001"*
0.006"
0.013"
0.614

<0.001**
<0.001*
0.018"

0.270
0.003*
0.468

¢

0.078
0.083
0.058
0050
0.010

0.102
0.088
0.050

0.022
0.063
0.15

AD

17.2
17.5
257
279
184
1.4
443
88
a7
55
223
87
40

TO

228
221
337

205
10.7
62.8
282
39.2
205
328
266
1.7

P

0.001
0.009"
<0.001*
<0.001*

0.250
<0.001*
<0.001**
<0.001*

0315
<0.001*
<0.001**
<0.001**
<0.001*

0084
0.052
0.078
0020
0.023
0210
0.162
0.247
0.020
0213
0.106
0.230
0.142

AD

92
1569
6.1
56
09
109
4.7
12.8
5.1
1
4.8
3

T

FTD

98

82

18.4
85

7.7

46
215
10.2
159
124
14.4
139
58

P

0.018™
0.391
0.136
0.043
0.050
<0.001*
<0.001**
<0.001*
0.047*
<0.001"
0.022*
<0.001**
0.002*

0.047
-0017
0.030
0.041
0.039
0.112
0.135
0.100
0.040
011
0.046
0.156
0.084





OPS/images/fneur-13-832199-t004.jpg
Symptoms.

Delusions

Hallucinations
Agitation/aggression
Depression

Aniety

Euphoria

Apathy

Disinhibition
Inftabilty/affective labilty
Abberant motor behavior
Sleep/Nighttime behavior
Eating disorders
Wandering

AD

4.1(02)
47002)
49(02)
1.8402)
23(0.2)
52(05)
29(0.1)
50(03)
38(0.1)
59(03)
43(002)
50(03)
58(0.3)

bvFTD

3.4(0.4)
35(0.4)
4.1(03)
—005 (06)
19(05)
4.0(0.4)
16(0.2)
29(03)
35(03)
57(05)
40(03)
46(03)
5.0(0.4)

P

0.124
0.001*
0.018*
0.002*
0.415
0.083
<0.001*
<0.001*
0.249
0.651
0.406
0.308
0.125

Data are presented as mean and standerd error (in parenthess).
“Significant difference (p < 0.05).

"Significant difference (p < 0.001).

Cohen’s d

0.15
0.28
0.18
0.29
0.08
037
033
047
0.09
0.06
0.06
0.09
0.19





OPS/images/fneur-13-832199-t001.jpg
Age atonset, years
Gender

Education

Onset

Familiarity

MMSE score (0-30)
CIRS score (0-8)
CDR score (0-4)
ADL score (0-6)
IADL score (0-8)
ETOV (months)

Female, n (%)
Male, n (%)
Low, n (%)
High, n (%)
Early, n (%)
Late,n (%)
Sporadic, n (%)
Familla, n (%)

AD
(N°1,925)

71589
1292 (67)
633 (33)
1,294 (68)
477 27)
387 (20)
1,538 (80)
937 (49)
988 (51)
163 +6.2
25£29
15£09
4617
34£24
37£82

Data are presented as n (%) or mean + stendard deviation.
“Significant diference (o < 0.05).
““Significant difference (p < 0.001).

bvFTD
(N 674)

66.7 % 11
357 (59)
317 (47)
355 (59)
250 (37)
256 (38)
418 (62)
310 (46)
364 (54)

165+7.2

47+33
17+11
42+19

2724

46+43

P

<0.001**
<0.001™

<0.001™

<0.001™

0.248

0.710
<0.001*

0.001*
<0.001"
<0.001™
<0.001





OPS/images/fneur-13-832199-t002.jpg
BPSD Total
Delusions 264
Hallucinations 281
Agitation/aggression 442
Depression 392
Aniety 272
Euphoria 40

Apathy 619
Disinhibition 29

Initabilty/affective labilty ~ 51.1
Aberrant motor behavior 131
Sleep/Nighttime behavior ~ 38.7
Eating disorders 202
Wandering 102
Data are presented as %.

“Significant difference (o < 0.05).
“Significant difference (p < 0.001).

Prevalence

AD

248
275
423
388
26.8
23
57.4
26.3
50.5
106
35.8
13.6
75

bvFTD

30.7
208
49.7
404
285
9.1
746
36.9
525
203
476
39.0
177

0.003*
0.246
0.001*
0.478
0.400
<0.001*
<0.001*
<0.001*
0377
<0.001"
<0.001**
<0.001
<0.001*

0.059
0.023
0.065
0014
0.017
0.151
0.155
0.103
0.017
0.126
0.108
0277
0.147





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Neuropsychiatric or Behavioral and Psychological Symptoms of Dementia (BPSD): Focus on Prevalence and Natural History in Alzheimer's Disease and Frontotemporal Dementia



		Introduction



		Alzheimer's Disease (AD) and BPSD



		Frontotemporal Dementia (FTD) and BPSD







		The Current Study



		Materials and Methods



		Participants and Procedure



		bvFTD Cohort



		AD Cohort













		Measures



		Statistical Analysis







		Results



		Prevalence of BPSD



		Natural History of BPSD













		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Neuropsychiatric or Behavioral and
Psychological Symptoms of
Dementia (BPSD): Focus on

Prevalence and Natural History in
Alzheimer’s Disease and
Frontotemporal Dementia





OPS/images/fneur-13-832199-g001.gif
pre-T0 T0 1

bYFTD






OPS/images/fneur-13-832199-g002.gif
IR Al
prtusions M —










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Neurology





