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Abstract

Neuropsychiatric Symptoms (NPS) have been shown to be associated with
Alzheimer's disease (AD). They negatively affect disease outcome and could play a future
role in the detection of prospective AD cases. In the present study we aimed at examining the
relation between NPS and Amyloid beta (Ab) in both a cognitively healthy (N =200) and
cognitively impaired (N = 224) dataset from the Swedish BioFINDER study separately.
Simple/multiple linear regressions, including covariates, were computed to estimate the
strength of the association between NPS and Ab. ROC analyses were computed to calculate a
new cutoff point on NPS scales based on positive/negative Ab status. The statistical analysis
did not yield any significant results. The result in the cognitively healthy sample for Ab levels
predicted by informant-rated apathy was borderline significant. Compared to reference cutoff
points on NPS scales, the newly calculated cutoff points were lower. Future research on NPS
in AD should employ longitudinal research designs and look at comorbidities with other
neurodegenerative diseases. A better understanding of NPS in AD may establish NPS as an
“at- risk’ state for future AD and other dementias, increase the use of NPS in the clinical
setting, and thus aid in identifying prospective AD cases.
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Introduction

The prevalence of Alzheimer’s disease (AD) and other forms of dementia has been
increasing steadily along with life expectancy. The total number of AD cases around the world
has increased by more than 100% from 1990 to 2019 (Javaid et al., 2021). Moreover,
according to the World Health Organization (WHO), AD was the seventh-leading cause of
death worldwide, even surpassing the numbers of road injuries or diabetes (WHO, 2020).
Fortunately, in recent years, great progress has been made in the development of potentially
effective interventions for AD. Newly developed, disease-modifying therapies that work by
altering the amyloid- metabolism in the brain (van Dyck et al., 2022) present a potential
breakthrough in the future treatment of AD, but work best when started as early as possible in
the disease process. While cognitive decline is strongly related to the onset of AD (American
Psychiatric Association, 2013), Neuropsychiatric symptoms (NPS) have been closely
associated with AD as well (Steinberg et al., 2008).

On Overview on Alzheimer’s Disease

AD is a progressive brain disease characterized by cognitive decline. The hallmarks of
the disease are worsening memory problems, particularly in the domain of episodic memory
(Gaugler et al., 2022), thus memories regarding past events and experiences (Allen & Fortin,
2013). When talking about AD, it is important to demarcate it from dementia. The term
dementia comprises a group of cognitive symptoms, such as memory problems and other
forms of cognitive impairment, that interfere with the daily life of the sickened individual,
caused by damage to the brain (American Psychiatric Association, 2013). AD, in turn, is one
possible cause of dementia and makes for 60% to 80% of all dementia cases (Gaugler et al.,
2022). The brain changes associated with AD lead to a variety of cognitive, behavioral, and
emotional symptoms in the patients that include the main symptom of memory loss,
confusion, deficiencies in problem-solving skills, disturbed sleep, anxiety/depression, social

withdrawal, and more (Gaugler et al., 2022). AD does not only reduce the quality of lifes of



the patient itself, but also negatively affects the life of caregivers and family (Medrano et al.,
2014). Worldwide estimates for the financial costs of dementia were US$604 billion in 2010
(Wimo et al., 2013). Considering the harm AD and other types of dementia are causing and
the fact that this will become an even bigger problem in the future due to increased longevity,
it should be evident that more research on this debilitating disease is necessary.
Neuropsychiatric Symptoms in AD

NPS are very common in dementia and thus represent a fundamental symptom
category next to cognitive symptoms, as, according to Steinberg et al. (2008), 97% of
dementia patients present with NPS. In a meta-analysis by Zhao et al. (2016), the prevalence
of different NPS in AD has been described. Apathy was the most frequently observed NPS,
with an overall prevalence of 49%, followed by depression, aggression, anxiety, and sleep
disorder, with a prevalence of 42%, 40%, 39%, and 39%, respectively. NPS worsen during the
course of preclinical and clinical dementia and typically develop in three phases: (1)
Depression, irritability, and nighttime behavior; (2) Changes in appetite, apathy, and agitation
(3) Hallucinations, delusions, disinhibition, and motor disturbances.

Furthermore, a variety of important disease outcomes, that affect both the caregivers
and the patient itself have been associated with NPS. Peters et al. (2015) found evidence for
an accelerated disease progression and subsequently early death in mild dementia patients
with increased NPS. Moreover, impaired activities in daily living and decreased quality of life
have been associated with increased NPS (Gonzalez-Salvador et al., 2000; Lyketsos et al.,
1997). Beyond that, caregiver burden has been shown, more than cognitive symptoms, to be
strongly related to NPS. (Isik et al., 2019). Finally, NPS have shown to predict earlier
institutionalization among AD patients better than cognitive symptoms (Steele et al., 1990),
while more severe symptoms and anxiety seem to be especially important (Gibbons et al.,

2002; Tun et al., 2007).



Biomarkers of AD

Current literature emphasizes the need for early intervention in the disease progression
of AD. This can only be achieved by detecting future AD cases before cognitive symptoms
surface (Rasmussen & Langerman, 2019). Therefore, researchers have focused on
establishing biomarkers that may indicate if a person is at risk of developing AD. Most
prominently, beta-amyloid (Ab) between neurons and tau (tau tangles) within neurons of the
brain have been identified as possible driving forces for AD pathogenesis. In short, according
to the Amyloid Hypothesis, a genetic mutation of the amyloid precursor protein (APP) alters
the processing of Ab in a maladaptive way that, compared to the Ab fragment 40 (Ab 40), an
increased number of the neurotoxic Ab fragment 42 (Ab42) is produced (Eratne et al., 2018).
Moreover, the other suspect, tau, which is responsible for the formation of axons and
dendrites, takes part in AD pathogenesis. According to Alonso et al. (2001),
hyperphosphorylated tau accumulates as neurofibrillary tangles, leading to neuron loss and
other pathological developments. The presence of an abnormally high quantity of these
protein deposits is responsible for a range of detrimental changes to the brain, where
disturbances of neuron-to-neuron communication and brain inflammation lead to gradual
brain atrophy. Both Ab and tau can be detected in the cerebrospinal fluid (CSF) (Hajjo et al.,
2022).

Concerning Ab in CSF as a biomarker of AD, two important measures are those of
either Ab42 or the ratio of Ab42 and Ab40: the Ab42/ADb40 ratio. A decrease in Ab42 levels
in CSF can be regarded as a consistent discriminant between future AD patients, normal
controls, and patients with other neurodegenerative diseases (Zou et al., 2020).

Cognitive Decline as a Risk Marker for AD

Next to the advancement in neurobiology, the cognitive domain has been of major

interest in the search for warning signs of AD. Several tests, like the well-known Mini-Mental

State Exam (MMSE) (Folstein et al., 1975), are used to predict conversion to dementia. One



of the clinical constructs that is closely related to AD is Mild Cognitive Impairment (MCI). A
lower MMSE can be an indication of MCI, a thorough neuropsychological assessment
(including tests of episodic memory, executive functioning, etc.,) however, may be a more
precise indication of MCI (Bondi et al., 2014). According to the DSM-V, MCI patients
present with modest decline in performance in at least one cognitive domain (attention,
executive function, memory, etc.). In contrast to AD however, their capacity to independently
carry out everyday activities is preserved (American Psychiatric Association, 2013). In
respect to AD, the subclass of amnestic MCI (aMCI), i.e., cognitive decline including
memory impairment, has emerged as the typical prodromal stage of AD. The MCI construct is
essential because it may represent a transitioning phase from normal, cognitively unimpaired
(CU) aging to dementia and has therefore emerged successfully. It can help identify AD cases
at an early stage of disease progression (Petersen, 2016). Beyond cognitive and
neurobiological indicators for the onset of AD, researchers have focused on a third domain
within finding early signs for AD: NPS

Neuropsychiatric Symptoms before the Onset of AD

Signs of developing NPS are present in many MCI cases, a preceding condition to AD
or other dementias. According to a meta-analysis by Martin and Velayudhan (2020), the
prevalence of NPS in people with MCI ranges between 35% and 85%. Comparable findings
have been made for the prevalence of NPS in people with Subjective Cognitive Decline
(SCD), a condition where the client reports cognitive impairment, which can, however, not be
determined with objective measures (Sheikh et al., 2018).

Beyond cognitively impaired populations, several recently published papers indicate
that NPS are present even in older CU populations and may predict conversion to MCI, AD,
and other dementias. Masters et al. (2015) found a significantly earlier presence of NPS in CU
who later scored > 0 on the Clinical Dementia Rating Scale (CDR) (Morris, 1993). Both

apathy and anxiety have shown to predict subsequent cognitive decline in CU clients and



patients with MCI (Johansson et al., 2020; Roberto et al., 2021). Moreover, longitudinal
studies suggest that NPS may be a good predictor of the onset of cognitive symptoms in
cognitively healthy older adults. Burhanullah et al. (2020) followed cognitively healthy adults
for a mean of 5.73 years and found an association between NP1 symptoms and a faster decline
in verbal memory and other cognitive domains. A cohort study with 12,452 cognitively
healthy, older participants across the USA by Liew (2020) examined the predictive value of
three different NPS sub-facets on different subtypes of dementia. Psychotic symptoms
significantly predicted the onset of all dementia subtypes, whereas affective and agitation
symptoms significantly predicted AD and partially other dementias, like vascular dementia.
Additionally, mental illness in earlier stages of life has been shown to increase the risk for
dementia and earlier onset of dementia in a longitudinal study with 1.7 million New Zealand
citizens (Richmond-Rakerd et al., 2022).

Moreover, NPS seem to predict the conversion rate to dementia in people with
cognitive decline (Peters et al., 2013), a finding that has been confirmed in a recently
published meta-analysis by van Dalen et al. (2018), where a 2-fold risk for MCI patients to
receive a dementia diagnosis later in life was found when they were showing symptoms of
apathy. Similarly, Ma (2020) found out that MCI patients with depressive/anxiety/apathy
symptoms have more severe cognitive deficits and a higher conversion rate to dementia. In
conclusion,
there is strong evidence for the role of NPS as a precursor to cognitive decline, AD, and other
dementias, which suggests their use as a screening tool for prospective AD cases.

AD Neuropathology and NPS

Beyond the link between NPS and cognitive symptoms, research has demonstrated
NPS to be associated with AD neuropathology. Evidence suggests that the amygdala and other
subcortical brain regions related to psychiatric symptoms could play an important role in the

early neuropathological stages of AD (e.g., increased tau deposition in the amygdala during



the early AD stages) (Nelson et al., 2018; Rosenberg et al., 2015). Marshall et al. (2013)
found apathy to be associated with higher a cortical amyloid burden in MCI patients. This
effect remained significant even after controlling for the age of the participants. Moreover,
MBI has been linked to impairment of brain structures critical for memory and learning. More
specifically, there seems to be a correlation between MBI symptoms in CU patients and a
higher tau-PET signal in the entorhinal cortex and hippocampus, brain regions strongly
associated with AD-related memory loss, i.e., ‘hippocampal memory loss’ (Dubois et al.,
2009; Johansson et al., 2021).

Furthermore, contemporary research advocates a link between NPS and CSF
biomarkers. According to Masters et al. (2015), the NPS of preclinical AD individuals with
positive CSF biomarkers exacerbate quicker than those without. Further, apathy and anxiety,
but not depression, have been demonstrated to be related with cerebral Ab deposition
(Johansson et al., 2020). Moreover, Johansson et al. (2022) found evidence that Ab does not
only exacerbate symptoms of apathy but that this effect is mostly independent from cognitive
decline. According to the authors, this finding could be explained by dysfunctions in
functionally different brain networks. Correspondingly, apathy has been associated with lower
connectivity in the frontoparietal control network but not with other brain networks (Munro et
al., 2015). Further, important evidence stems from a meta-analysis by Ng et al. (2021) about
the associations between AD neuropathology (tau, Ab, and neurodegeneration) and NPS in
CU and preclinical AD cases. Moderately consistent, yet weak, cross-sectional associations
between NPS and Ab were found. On the contrary, conflicting evidence could be observed for
the link between NPS and tau, or neurodegeneration. The authors explain this finding with the
Hypothetical Cascade Model of Dynamic Alzheimer’s Biomarkers, according to which Ab
deposits temporally precede tau abnormalities, neurodegeneration, and cognitive decline (Jack

etal., 2010).



NPS in the (Clinical) Diagnosis/Definition of AD

According to the most recent criteria for a clinical diagnosis of AD from the
International Working Group for the Diagnosis of Alzheimer Disease (IWG) biomarker
evidence alone should not be enough to diagnose AD. Thus, the specific clinical phenotype of
AD, gradually worsening episodic memory impairment that can be associated with cognitive
and behavioural changes in AD, must occur together with biomarker evidence (Dubois et al.,
2021). In the IWG criteria, several subtypes of AD are described, among them, the
behavioral-dysexecutive variant of AD (bvAD). In contrast to the other AD subtypes, bvAD is
characterized by behavioural deficits (strongly linked to NPS), changes in personality, and an
earlier onset of the disease. While bvAD is recognized as an AD variant, research on it is
scarce, and there are no criteria for its diagnosis available (Ossenkoppele et al., 2022). Most
recently, Ossenkoppele et al. (2022) developed a new set of research criteria, emphasizing the
need for the implementation of bvAD, but clinical diagnoses are still lacking. One of the most
prominent clinical definitions of AD is the description provided by the DSM-V (American
Psychiatric Association, 2013). Here, AD is described as a neurocognitive disorder where one
or more cognitive domains must be impaired. According to the DSM-V, probable AD should
be diagnosed if there is either genetic evidence for AD or if clear evidence for a decline in
memory and learning occurs together with a steadily progressive decline in cognition. Only in
the ‘associated features’ part of the AD diagnosis, behavioural and psychological changes are
listed as depression, irritability, apathy, etc. The DSM framework, however, does not provide
any instructions on how these associated features are to be operationalized.

Despite NPS being mentioned in the diagnostic criteria for AD, diminutive attention is
given to them. Conversely, in the recently proposed NiA-AA criteria research framework
(Jack et al., 2018), awareness for the importance of NPS in AD is raised. In this
conceptualization, neurobehavioral changes are part of the AD definition through all six

diesease stages. Interestingly, in this framework, neurobehavioral changes, like the onset of
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NPS, may be the primary complaint of the potential AD patient and can exist without the
presence of objective cognitive decline. This conceptualization, however, has been developed
for scientific purposes only and does therefore not play a role in the clinical practice of
diagnosing AD.

Although NPS are not neglected in the aforementioned definitions, their
underrepresentation in the clinical diagnosis of AD is problematic since NPS have been
demonstrated to be potential risk markers for cognitive decline and future AD as elaborated in
the previous paragraphs (Johansson et al., 2022; Johansson et al., 2020; Masters et al., 2015;
Ngetal., 2021; Wise et al., 2019).

Future of NPS as a Risk Marker for AD

As reviewed in the preceding paragraphs, the literature on AD and potential ways to
forecast the onset of the disease as early as possible has been steadily growing in the last years
and decades. Research on NPS as a marker for forthcoming AD, at an early stage of the
disease process, is relatively young and has only been intensified most recently. Lanctot et al.
(2017) postulate an array of goals for the research on NPS that include, among others: (1) the
development of standardized, accurate outcome measures of NPS that are clinically
meaningful; and (2) the continuation of examining biomarkers of NPS. Research on NPS and
AD biomarkers is particularly new but has already produced promising results, as can be seen
by the associations of NPS with CSF biomarkers and their potential to predict future
conversion to AD (Johansson et al., 2022; Johansson et al., 2020; Masters et al., 2015; Ng et
al., 2021; Wise et al., 2019).

Moreover, additional research on NPS as a marker of future AD is needed because
cognitive markers and biomarkers of AD have been shown to be insufficient for forecasting
AD under some circumstances. First, single administrations of cognitive measures alone
might not be enough to detect MCI patients who later convert to AD, as demonstrated by

Arevalo-Rodriguez et al. (2015), but should be combined with MMSE subscales or extended
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with longitudinal MMSE measures (Arevalo-Rodriguez et al., 2015; Choe et al., 2020).
Another promising opportunity, however, could be to add NPS as an extra component to a
prediction model to increase the certainty of conversion to AD forecasting, as NPS’ potential
power to predict conversion from MCI to AD has already been demonstrated (Ma, 2020;
Velayudhan, 2023). Second, in regard to CU patients, cognitive measures are no adequate
indicator for future AD. For that reason, biomarkers are used to detect clients who are in the
very early stages of the AD disease process. Biomarker tests, like CSF Ab or CSF tau are still
relatively difficult to conduct, as they are invasive and cost time and money (Shaw et al.,
2007). Furthermore, if no genetic risk markers or family history of AD is available, it is
unclear how clinicians are supposed to make out potential candidates to conduct the laborious
biomarker testing with. Considering the fact that NPS seem to precede cognitive decline in the
development of AD and MCI, NPS could play an important role in identifying prospective AD
cases among CU, who can then further examined with respect to biomarkers (Wise et al.,
2019).
Problems with Available NPS Assessment Scales

The Apathy Evaluation Scale (AES) (Marin et al., 1991) and the Hospital Anxiety and
Depression Scale (HADS) (Bjelland et al., 2002) represent two of the most commonly utilized
assessment scales for NPS in clinical practice. These assessment scales, however, have not
been developed to identify prospective AD cases but for the diagnosis of clinically relevant
psychiatric disorders. A range of recent scientific publications indicate that (neuro-)
psychiatric symptoms in the elderly exhibit themselves on a lower/subsyndromal level.
Subsyndromal depression and anxiety are more common in the elderly than in other age
groups and have been linked to MCI (Jain et al., 2023; Oh et al., 2019; Polyakova et al.,
2014). Clarke et al. (2007) were one of the first to try to develop new cutoff points on NPS
scales based on a clinical dementia population. To our knowledge, however, no study has been

executed were cutoff points on NPS scales were used to predict amyloid beta status. Currently
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available NPS assessment scales might therefore fail to detect subsyndromal NPS, due to
prospective cognitive decline. This constitutes a problem in both research on NPS as risk
markers for AD and for future clinical applications.

Another issue in research on NPS in AD is the hesitation within the scientific
community to further explore them as a clinical risk marker due to their low specificity to
reliably predict cognitive decline. Concerns regarding the specificity of NPS in predicting
cognitive decline have been discussed in a paper by Ismail et al. (2016), one of the pioneers in
the development of the MBI construct. Accordingly, behavioural changes in older age could
always be an expression of late-life personality change or symptoms of subsyndromal
psychiatric disorders. Similarly, Canevelli et al. (2016) question the use of NPS constructs for
the screening of potential dementia patients, as, according to them, many elderly may exhibit
some form of subsyndromal behavioural deficiencies and may therefore meet criteria as
potential dementia candidates. This, in turn, could lead to overdiagnosis and cause
unnecessary stress for the clients and caregivers. The inference from these concerns should,
however, not be the dismissal of NPS as potential clinical AD/dementia markers but the
further research and improvement of the criteria (Ismail et al., 2016; Liew et al., 2018).
Furthermore, since overdiagnosing has been an issue for primary psychiatric disorders for
decades (Thombs et al., 2019), low specificity should not be taken as a dead-end argument
against NPS. Beyond the concern that NPS due to AD could be confused with psychiatric
disorders, there is the issue of their fluctuating nature. This makes them hard to quantify and
thus hard to determine whether they represent an underlying pathology or just normal
mood/behavioural variations (Chung & Cummings, 2000).

One solution for the problems at hand could be to establish new cutoff points for the
existing NPS assessment scales that are optimized for identifying potential patients who are at

risk for MCI/AD. By doing so, subsyndromal NPS could become visible to the
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researchers/clinicians and the problem of low specificity could be resolved too.

The Study at Hand
This study aims at further increasing the insight into the relation between NPS and
CSF biomarkers in AD. More precisely, first it will be examined whether scores on NPS
assessment scales have an association with CSF biomarker status. In the next step, new cutoff
points on NPS scales will be computed based on CSF biomarker status and then compared to
the currently available cutoff points. Since NPS’ potential as a risk marker for AD is
presumably best in AD stages before the onset of cognitive decline, the statistical analyses
will be done separately for a CU and a cognitively impaired sample. Furthermore, covariates
will be added to the regression models to see how cognitive assessment (MMSE) and
demographic variables perform in a model together with NPS.
Consequently, the present research question is: ‘“What is the association between NPS
and Ab levels?’ The following two hypotheses will be tested:
1. Scores on NPS scales will be associated with CSF biomarker status.
2. The sensitivity and specificity of the cutoff points based on CSF biomarker status will
be higher than those of reference cutoff points.

Method

Participants

In the present study, a dataset from the Swedish BioFINDER study was utilized.
BioFINDER is a longitudinal cohort study with the aim of finding markers associated with
early AD pathology. Data collection started in September 2010. Approval to use the data was
given by Professor Oskar Hansson, the leading researcher of the BioFINDER study, who is
affiliated with Lund University. Cases in the dataset are split into two groups: (1) Nomas
BioFINDER cohort = Cognitively healthy and (2) TiDiS BioFINDER cohort = Mild cognitive

symptoms/impairment.
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The Nomas BioFINDER cohort consists of 350 cognitively healthy elderly and was
recruited from a longitudinal population-based community cohort study in Malmdo, Sweden
(Manijer et al., 2001) and included to the BioFINDER study between 2010 and 2014. The
inclusion criteria included no cognitive symptoms as evaluated by a clinician, age >60y.,
MMSE 27-30, No MCI or dementia diagnosis, and sufficient understanding of Swedish.
Exclusion criteria included unstable illness or organ failure, alcohol or drug abuse, refusing
MRI/lumbar puncture, and substantial neurological/psychiatric illness. (BioFINDER, 2023a)

The TiDiS BioFINDER cohort consists of 500 patients with mild cognitive
impairment or subjective cognitive decline that have been recruited from either the Memory
Clinic at Skéne University Hospital or Angelholm’s Hospital in Sweden. The inclusion
criteria included having been referred to the memory clinic at Skane University Hospital or
Angelholm hospital in Sweden due to cognitive symptoms, age 60-80 y., MMSE 24-30, no
dementia diagnosis, and sufficient understanding of the Swedish. Exclusion criteria included
unstable illness or organ failure, alcohol or drug abuse, refusing MRI/neuropsychological
assessment and other available explanations for the cognitive impairment (like brain infection,
epilepsy, severe depression, etc.) (BioFINDER, 2023b).

Only participants with available data on the variables of interest (CSF Ab42 levels,
apathy, depression, and anxiety assessment) were included in the study at hand.

Materials

Apathy, anxiety, and depression have been chosen as NPS because their association
with CSF biomarkers has been documented in a variety of recent publications (Johansson et
al., 2022; Johansson et al., 2020; Masters et al., 2015; Ng et al., 2021; Wise et al., 2019) and
because their corresponding assessment scales are widely used in clinical practice and
research (Bjelland et al., 2002; Radakovic et al., 2015).

The Apathy Evaluation Scale (AES) is a widely used tool in clinical and research

practice to examine apathy in adult patients. Psychological constructs that are measured with
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the AES include: general apathy, learning, interest in activities, lack of concern, and more.
The questionnaire consists of 18 statements about the test subject that are rated on a 4-point
Likert-type scale. Scores can range from 18 to 72; a lower score indicates the presence of
apathic symptoms. An example of an item on the scale is ‘S/he puts little effort into anything.’
There are three different rater versions of the AES: clinician—rated, informant-rated, and self—
rated (AES-C, AES I, and AES-S, respectively) (Marin et al., 1991). In the study at hand,
only the AES-S and the AES-I were used. A systematic review of the psychometric properties
of the AES in neurodegenerative conditions by Radakovic et al. (2015) revealed adequate to
excellent quality rating of the scale, with Cronbach’s o values ranging from 0.69 to 0.95 in the
included studies.

The Hospital Anxiety and Depression Scale (HADS) is a self-rated questionnaire that
is widely used in clinical and research practice. It was developed to have a quick screening
method to assess possible anxiety disorders and depression in nonpsychiatric hospital patients.
The HADS consists of an anxiety subscale (HADS-A) and a depression subscale (HADS-D)
with seven items for each construct. An example of an item on the HADS-A subscale is ‘I get
a sort of frightened feeling as if something awful is about to happen’, and an example of an
item on the HADS-D subscale is ‘I still enjoy the things I used to enjoy’. The scoring on the
items goes from zero to three, with a maximum of 21 points on each subscale; a higher score
indicates the presence of anxiety or depressive symptoms (Zigmond & Snaith, 1983). A
systematic review by Bjelland et al. (2002) found the HADS to perform well in the
assessment of anxiety and depression in nonpsychiatric hospital populations.

The MMSE was used to evaluate participants’ cognitive functioning. The MMSE is
the most popular and commonly used testing tool for dementia. Typically, a cutoff of 24 is
used to distinguish between cognitively normal functioning and dementia (Vyas et al., 2021).
The MMSE has been shown to have good specificity and sensitivity across all educational and

age groups (Hoops et al., 2009). Education level (in years) of the participants is ranked on a
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scale ranging from 5 to 28.

CSF from the participants was acquired by means of lumbar puncturing. A common
yet invasive technique that has been shown to cause minimal complications (Doherty &
Forbes, 2014).

Reference Cutoffs on NPS Scales and CSF Ab42 Level

As one of the goals of this study is to test the effectiveness of new cutoff points on the
AES and HADS to discriminate amyloid beta status on the AES and HADS, other cutoff
points need to be used as a reference. For the AES scales, the cutoff points > 41.5 and
> 36.5 for the AES-I and the AES-S, respectively, from the study of Clarke et al. (2007) will
be used. As for the HADS scales, a cutoff point of > 8 for both the HADS-A and HADS-D
was used, as this cutoff indicates possible pathological levels of anxiety and depression and
has been validated multiple times in both clinical and research practice. (Bjelland et al., 2002;
Jerkovi¢ et al., 2021).

The cutoff of the outcome variable CSF Ab42 level utilized in this study, was
established during the BioFINDER study and is based on data from both the Nomas
BioFINDER cohort and the TiDiS BioFINDER cohort. Individuals with a value < 502.2 on
the biomarker CSF Ab42 are considered to have positive CSF Ab42 status, indicative of AD
pathology.

Statistical Analyses

The statistical analyses of the data will consist of two main steps and will be
performed separately for the Nomas and the TiDiS datasets.:

1. Linear regression models will be built to examine the relationship between the NPS
scales and CSF Ab42 levels.
2. ROC analyses will be calculated to evaluate the performance of new cutoff points on

NPS scales that are based on CSF Ab42 biomarker status.
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To examine the relationship between the dependent variable of CSF Ab42 levels and
the predictors AES-S score, AES-I score, HADS-A score, and HADS-D score, corresponding
scatterplots will be created.

In the next step, four separate simple linear regression models with AES-S score,
AES-I1 score, HADS-A score and HADS-D score as independent variables and CSF Ab42
levels as the outcome variable will be computed. Assumptions of simple linear regression
(linearity, normality and homoscedasticity) will be checked. Further, simple linear regression
models that produce a significant result will be extended to multiple linear regression with
Age, Education level and MMSE added as covariates.

Receiver Operating Characteristics (ROC) analyses will be carried out to assess the
power of scores on the NPS scales AES-S score, AES-1 score, HADS-A score, and HADS-D
to predict positive versus negative CSF Ab42 status. ROC analysis is a statistical procedure
generally used to evaluate the predictive strength of a continuous variable to place a test
subject in one category or another. In order to do so, a cutoff point on the continuous variable
needs to be established (Pintea & Moldovan, 2009). The statistical procedure for the ROC
analysis in the study at hand will go accordingly:

1. A logistic regression model will be built with the score on the NPS scale (e.g., AES-S
score) as the independent variable and CSF Ab42 status as the outcome variable.

2. Predicted probabilities will be calculated based on the model of step 1 and added to
the dataset.

3. A ROC analysis, including a ROC curve, will be computed with the predicted
probabilities from step 2 as the predictor variable and CSF Ab42 status as the response
variable. The ROC curve is a graph to illustrate the performance of the ROC analyses,
with the Sensitivity (true positive rate) plotted on the Y-axis and the Specificity (true

negative rate) plotted on the X-axis.
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4. To retrieve the optimal cutoff on the NPS scale, the optimal threshold on the predicted
probabilities will be extracted and then compared to the corresponding value on the
NPS scale.

5. Inalast step, the following model metrics will be computed: a) Sensitivity (true
positive rate), Specificity (true negative rate), Area under the curve (AUC), Positive
predictive value (proportion of positive predicted cases that are actually positive)
(PPV), Negative predictive value (proportion of negative predicted cases that are
actually negative) (NPV) (Pintea & Moldovan, 2009), and Youdens index (J)
((Sensitivity + Specifivity) — 1) (Fluss et al., 2005).

6. The Youdens index (J) of the newly calculated cutoffs and the reference cutoffs will
be compared with each other.

Cutoff points will be judged based on their Sensitivity and Specificity; two statistical
measures frequently used to evaluate the performance of a test. Sensitivity is defined as the
probability of a positive test result in a truly positive case, whereas Specificity is the
probability of a negative test result in a truly negative case (Monaghan et al., 2021). In the
study at hand, the best cutoff point on a NPS scale will be defined as having the best
combined sensitivity and specificity (Youdens Index (J).

All calculations and graphics were done with R Studio, R version 4.1.2 ‘Bird Hippie’
(RStudio-Team, 2020). For the ROC analyses the pROC package was used (Robin et al.,
2011).

Ethics

The BioFINDER study has been ethically approved by the Swedish Ethical Review
Authority (Etikprévningsmyndigheten, EPM), with decision number 2010/156. While the data
contains sensitive medical information, the identity of the participants cannot be inferred due

to anonymization.
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Table 1 below. In this manuscript, non-significant results with p >.1 are labeled as ‘trend level

significant’, and non-significant results near the p =.05 threshold are labeled as ‘borderline

significant’.
Table 1
Demographics and Records on the NPS Scales
Variable Nomas TiDiS
Sample size (N) 200 224
Age (years) 75.23+4.76 70.86£5.79
Gender (% men) 61.5% 51.3%
AES-S 28.03+£5.70 32.5618.81
AES-I 28.66+8.24 36.22+10.61
HADS-A 2.56+2.90 5.02+3.47
HADS-D 1.99+2.29 3.54+3.02
MMSE 28.9+0.97 27.64+£1.74
Education level (years) 12.12+3.49 11.76+3.44
CSF Ab42 level (pg/ml) 574.63+215.03 537.48+243.58

Note. Numbers in the table indicate the mean and standard deviation (raw scores if not
otherwise specified) for the corresponding variables for the Nomas and TiDiS datasets

separately.

Simple/Multiple Linear Regressions
Assumptions for linear regressions were checked.
1. Assumption of linearity was partly violated as no clear linear relationship was
displayed in the scatterplots.
2. Assumption of normality was not violated, as Quantile-Quantile (Q-Q) plot did not

show any major deviations from the reference line.
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3. Assumption of homoscedasticity was not violated, as the Breusch-Pagan test did

not yield any significant results.

Four simple linear regression analyses were performed separately to predict CSF Ab42
levels based on AES-S score, AES-I score, HADS-A score, and HADS-D score. No
significant regression equation was found for the TiDiS dataset. For the Nomas dataset, the
regression coefficient for the AES-I score predicting CSF A42 levels was on a trend level
significant (5 =-4.21, p = .076). Table 2 and Table 3 show the results of the four simple

regression analyses in the Nomas and TiDiS datasets, respectively.

Table 2

Summary of Simple Linear Regression Models Predicting CSF Ab42 Level in Nomas Dataset
Predictor S SE t(df) p
AES-S Score -2.21 2.88 -0.77(173) 443
AES-I Score -4.21 2.35 -1.79(111) .076*
HADS-A Score 0.06 5.64 0.01(181) 991
HADS-D Score -9.96 7.24 -1.38(180) 170

Note. * p <.1. ** p <.05. *** p < .001. Table depicts four separately computed, simple

linear regression results in the Nomas dataset.

Table 3
Summary of Simple Linear Regression Models Predicting CSF Ab42 Level in TiDiS Dataset

Predictor S SE t(df) p

AES-S Score -0.01 2.02 -0.01(187) .994
AES-1 Score 2.51 1.79 1.40(166) 164
HADS - A Score 1.83 491 .037(205) .710
HADS - D Score 6.60 5.81 1.14(205) .257

Note. * p <.1. ** p <.05. *** p < .001. Table depicts four separately computed, simple

linear regression results in the TiDiS dataset.
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Next, a multiple regression analysis was conducted with the trend level significant
predictor AES-I Score in the Nomas and TiDiS datasets. MMSE, Education Level, and Age
were added as predictors. While the multiple regression model in the Nomas dataset did not
reach statistical significance [F(4, 108) = 1.67, p >.05, R’ = 0.02], the coefficient AES-I Score
reached borderline statistical significance (ff = -4.63, p = .052), and the coefficient of the
predictor MMSE was significant on a trend level (5 =-34.68, p = .093). The coefficients of
the model can be seen in Table 4. The multiple regression model in the TiDiS dataset did not
reach statistical significance either [F(4, 159) = 1.961, p >.05, R?= 0.02], but the coefficient
AES-I turned trend level significant (3 = 3.30, p = .076). The coefficients of the model can be

seen in Table 5.

Table 4

Multiple Linear Regression predicting CSF Ab42 Level in Nomas Dataset

Predictor S SE t p
Intercept 1471.48 706.122 2.08 .039**
AES-1 Score -4.63 2.36 -1.96 .052*
MMSE -34.68 20.47 -1.69 .093*
Education Level 1.90 5.88 0.32 747
Age 2.52 4.33 0.58 562

Note. * p <.10. ** p <.05. *** p < .001. Table 4 depicts a Multiple Linear Regression
Model predicting CSF Ab42 Level in the Nomas dataset. MMSE, Education Level and Age

were added as Covariates to the independent variable AES | Score.
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Table 5
Multiple Linear Regression predicting CSF Ab42 Level in TiDiS Dataset

Predictor i SE t p
Intercept 962.64 437.47 2.20 .029*
AES-1 Score 3.30 1.85 1.78 .076*
MMSE 0.38 11.96 0.03 974
Education Level 0.18 6.14 0.03 977
Age -7.80 3.47 -2.25 .026**

Note. * p <.1. ** p <.05. *** p < .001. Table 5 depicts a Multiple Linear Regression Model
predicting CSF Ab42 Level in the TiDiS dataset. MMSE, Education Level and Age were

added as Covariates to the independent variable AES | Score.

ROC analyses

ROC analyses were performed for all four independent variables (AES-S score, AES-I
score, HADS-A scorec and HADS-D score) and the categorical outcome variable (CSF Ab42
status) separately in the Nomas and TiDiS datasets. In the Nomas dataset, Youdens Index (J)
of the new cutoffs were better for AES-S score (0.08 > 0.05), AES-I scores (0.25 > -0.06) and
HADS-D score (0.12 > 0.07). Only for the HADS-A score (0.10 < 0.25), the reference cutoff
performed better. The same pattern of results was observed for the TiDiS dataset with AES-S
score (0.14 > 0.05), AES-I score (0.16 > 0.06), HADS-D score (0.14 > 0.05), and HADS-A
score (0.05 <0.13). Since only the AES-I score in the Nomas dataset predicted CSF AB42
levels significantly in the linear regression analyses, only the results of the corresponding
ROC analysis will be depicted in detail here. Cutoff points, Sensitivity, Specificity, and model
fit indices for the other ROC analyses can be found in tables in the Appendix.

The results of the ROC analysis in the Nomas dataset, with AES-I score as the
predictor and the categorical outcome variable CSF Ab42 status, suggested that a threshold of
> 28 on the AES-I scale was the optimal cutoff point to classify subjects as having positive

CSF Ab42 status. The sensitivity of the model was 0.66, and the specificity was 0.58. An
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AUC of 0.61 and a J of 0.25 could be obtained. PPV and NPV were 0.41 and 0.34,
respectively. The cutoff, of 42 obtained from Clarke et al. (2007) resulted in a sensitivity of
0.94 and a specificity of 0.06. The ROC curve of the model is depicted in Figure 1. Moreover,
in the Nomas dataset, the ROC analysis with the HAD-A score reference cutoff point (HAD-A
> 8) as a predictor and CSF Ab42 status yielded a J of 0.25; sensitivity and specificity were
0.59 and 0.66, respectively. This J value was higher than all other J values except for the J

obtained in ROC analysis with AES-I Score in the Nomas dataset described above.

Figure 1

ROC Curve of AES-I Score as a Classifier of CSF Ab42 Status
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Note. Maximum values for both Sensitivity on the Y-axis and Specificity on X-axis are 1, resulting in

maximus AUC of 1.
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Discussion

The two main findings of this study are: 1.) NPS scales did not significantly predict
CSF Ab42 levels; and 2.) On average, the newly calculated cutoff points based on CSF Ab42
levels performed badly, but better than the reference cutoff points.

In the CU sample, when implementing the AES-I score in a multiple regression model
including covariates central to the topic, AES-I score predicted CSF Ab42 levels at a
borderline significance level. ROC analyses revealed that AES-I score, in the CU sample
seems to be the best among the NPS scales utilized in this study to discriminate between
positive and negative CSF Ab 42 status. While there are a variety of studies that examine the
association between NPS scales and CSF Ab 42 levels, to our knowledge, this is the first
study that attempts to create cutoff points on NPS scales based on CSF Ab 42
positive/negative status.

The following discussion section will discuss non-significant yet trend/borderline
significant results. While these results could be the product of chance, they should
nevertheless be discussed, considering the magnitude of their effect sizes. The author
acknowledges this mode of conduct is moving onto thin ice.

Findings on the Association between NPS scales and CSF AB42 levels

The Null findings of the study and the borderline significant result with the AES-I
score in the CU sample are partially in line with the results of past research. The borderline
significant result regarding the AES-I scale is in line with the findings of Vergallo et al. (2019)
in a sample with probable AD. The authors found informant-rated apathy, measured with the
NPI-Q, to be negatively associated with CSF Ab 42 levels. Furthermore, the results are partly
in agreement with Johansson et al. (2020), who examined the association between the NPS
apathy, anxiety and depression and Ab in a predementia sample. The AES-I score, and not
AES-S score was associated with Ab deposition. Additionally, the results obtained in this

study are further to a degree congruent with a longitudinal study by Johansson et al. (2022).
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The authors in this study found baseline Ab pathology to be associated with increasing levels
of informant-rated apathy over time.

Contrarily to the results regarding anxiety, Johansson et al. (2022) found a significant,
yet weaker (compared to their results on informant-rated apathy), association between self-
rated anxiety and baseline Ab pathology. These inconsistent results could be caused by the
different research designs of the study. The study at hand is cross-sectional, with the mean age
of the participants being 75.23 for the Nomas dataset and 70.86 for the TiDiS dataset. The
participants in the study of Johansson et al. (2022) had a mean age of 73.8 at the time of the
study but were 8 years older by the time of the final assessment. Therefore, it is possible that
no significant effect could be found in this study because Ab deposition was lower in the
present sample compared to the sample of Johansson et al. (2022), and Ab deposition is
known to continuously increase during life (Rodrigue et al., 2012). More evidence
inconclusive with the results regarding anxiety stems from a study by Krell-Roesch et al.
(2018) from the Mayo Clinic Study of Ageing (MCSA) with 1039 CU subjects. The authors
found Ab deposition to be weakly associated with symptoms of anxiety as measured on the
Beck Anxiety Inventory (BAI) (Beck et al., 1988). Further, the authors found a marginal
correlation with symptoms of depression on the Beck Depression Inventory (BDI) (Beck et
al., 1961), as opposed to the results of the present study. A possible explanation for the
discrepancy in the results on anxiety could be the different assessments of Ab levels between
studies. Krell-Roesch et al. (2018) measured Ab deposition with positron-emission
tomography (PET), while the present study assessed Ab42 levels in CSF.

In line with our Null findings on depression and anxiety is a cross-sectional study by
Sun et al. (2008), who attempted to discriminate CSF Ab42/Ab40 ratios in CU individuals
either with or without depression. Albeit the authors found weak associations between anxiety
measured with the Beck Anxiety Inventory (Beck et al., 1988) and depression measured with

the Beck Depression Inventory (BDI) (Beck et al., 1961), these associations were not
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statistically significant. The authors explain their Null finding by the low anxiety and
depression levels in their sample, an explanation that could apply to the present study as well.
More evidence contrary to the findings on depression in this study are the results of a cohort
study by Direk et al. (2013), who found a cross-sectional association between Ab levels and
depressive symptoms in elderly people who later developed AD. According to the authors,
their findings indicate that the association is due to prodromal AD, but since this association
could not be found in the longitudinal analysis, the role of Ab during AD etiology varies along
the disease process.

First, it must be noted that anxiety and depression were measured with the HADS, a
self-administered questionnaire. In contrast to the findings on the AES-I, the results could
therefore be compromised, as contemporary research suggests that cognitively impaired
individuals might not have insight into their symptoms (Johansson et al., 2022). Moreover,
differences in findings between studies could also be explained by the use of either CSF Ab42
levels or CSF Ab2/AbA40 ratio.

Furthermore, it is important to note that, even if the regression coefficient of AES-I
was only borderline significant, AES-I performed better in predicting CSF Ab42 levels than
MMSE. A potential explanation for this result is the supposed independence of apathy from
cognitive impairment within the early stages of AD pathology, as suggested by Johansson et
al. (2022). This finding is noteworthy since MCI is a well-respected risk marker for future AD
(Petersen, 2016). Recent studies have, however, shown that brief cognitive tests like the
MMSE might not be sufficient to establish an MCI diagnosis (Petrazzuoli et al., 2020).
Finally, a conceivable explanation for the non-findings in this study is the violation of the

assumption of linearity between independent and outcome variables.

NPS as a Classifier of Ab42 Status
Generally, the Sensitivity and Specificity obtained in the ROC analyses can be

considered small. The best Js were found for the new cutoff on AES-I and the reference cutoff
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on HAD-A, both in the Nomas dataset. This finding on AES-I corresponds well with the result
of the simple/multiple linear regression analysis, while the finding on HAD-A does not. The
different results can most likely be explained by the different statistical approaches. A
simple/multiple regression model is more sensitive to small variations in the data as the
outcome variable is continuous, and hence the variability is maximized. In contrast, a
categorical model (like a ROC) may not perform well if variation between datapoints is low
since it is told to ‘force’ the datapoints in either category. An analysis with a larger sample
could probably account for this.

Although the J values (0.25) are low, they must be evaluated in a broader context. NPS
will certainly not be able to forecast possible AD (or other dementias) as a single predictor.
Other established variables like cognitive decline, genetic testing, or biomarkers will most
likely remain a better predictor of possible AD/dementia. Nevertheless, NPS in specific
contexts, combined with other predictors, could contribute to a better classification of possible
AD/dementia cases.

The newly calculated cutoff points for NPS based on CSF Ab42 levels scales are
altogether lower than the reference cutoff points. Regarding AES-I, there is a notable 14-point
difference (28 vs, 42). Concerning the scientific discussion about the problem of low
specificity of NPS as a predictor of cognitive decline, this result is rather sobering. A lower
cutoff point increases the chance of a false positive. The new cutoff points might nonetheless
be used as a future reference point when estimating them with a larger sample with the
addition of other predictors.

Different Findings in Nomas and TiDis Dataset

Overall, the NPS scales worked similarly well in predicting CSF Ab42 levels and CSF
Ab42 status in the Nomas and TiDiS datasets. One apparent difference between the datasets is
the borderline significant result of AES-I and thus the better Sensitivity/Specificity in the

ROC analysis that could only be observed in the Nomas dataset. This result is in line with the
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finding of (Johansson et al., 2020) who found the association between Ab deposition and
informant-rated apathy to be statistically significant only in a CU sample, but not in an MCI
sample. The most striking difference lies in the effect direction of the AES-I coefficient in the
regression analyses. In the Nomas dataset, a negative relation between AES-I score CSF Ab42
levels was found, indicating a link between higher levels of apathy and neuropathological AD
processes. Regarding the TiDiS dataset, however, the data hints at a negative association
between higher apathy levels and neuropathological AD processes. While neither of the
regression coefficients reached statistical significance, this finding is still worth discussion in
regard to the moderately good effect sizes. A possible explanation could be the increased
comorbidity of AD with other dementia or psychiatric diagnoses in the TiDiS dataset, as later
AD stages are associated with more comorbidities (Santiago & Potashkin, 2021). Since the
results in the TiDiS dataset suggest that higher levels of apathy are associated with higher
CSF Ab42 levels (a smaller chance of prospective AD), these high levels of apathy could be
caused by comorbid diseases like psychiatric illness or other types of dementia and are
therefore less strongly associated with CSF Ab42 levels than with comorbid diseases. Another
explanation could be the varying role in etiology of Ab in AD as proposed by (Direk et al.,
2013). A prospective research design with only Ab42 positive cases could be useful in further
investigating these inconclusive results.

Another interesting result constitutes the finding on MMSE between the Nomas and
TiDiS datasets. While in the Nomas dataset, the effect size of MMSE was large, if only
significant on a trend level, the effect of MMSE on CSF Ab42 levels in the TiDiS dataset was
not observed. One reason for this discrepancy in results could have been the very high
standard error of the MMSE regression coefficient in both datasets, which could have led to a
distortion of the effect sizes. Contemporary research acknowledges the limitations of short
cognitive assessment scales (like the MMSE) in the assessment of cognitive decline and

advocates for a more comprehensive cognitive assessment (Arevalo-Rodriguez et al., 2015) or
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neuropsychological assessment for increased accuracy (Bondi et al., 2014). In the future, such
neuropsychological assessment could possibly be aided by the inclusion of NPS. One more
finding that needs to be interpreted is the association of age with CSF Ab42 levels in the
Nomas dataset, or rather, the non-finding of this association in the TiDiS dataset. An
association of age with CSF Ab42 levels would be expected since Ab deposition is known to
linearly increase during life, even in healthy individuals (Rodrigue et al., 2012). The non-
finding in the Nomas dataset could thus be the consequence of overall lower CSF Ab42
levels, compared to the TiDiS data, that veiled the association between the two variables. This
explanation, however, is not in line with the interpretations about other findings of this study
and should therefore be considered with caution. Hence, this finding necessitates further
investigation.
Inconclusiveness of Results
As can be seen in both the findings in the study at hand and in the discussed literature
of the field, there is a great variation in the results on NPS and Ab biomarkers. The reasons
for this inconsistency are plenty, and many of them are yet unknown. While it is not possible
to provide a thorough explanation for this circumstance in this research paper, we want to
mention a selection of possible difficulties within the research field that could account for this
inconclusiveness:
1. Different Study Designs and Different Assessments:
A good example of this aspect is the incongruency between the results on informant-
rated vs. self-rated apathy in predicting AB deposition. One possible explanation is
given by Johansson et al. (2022), who argue that cognitively impaired individuals
could lose insight into their symptoms and thus underreport apathy compared to
informants. Another case is the difference between longitudinal and cross-sectional
studies. Cross-sectional studies cannot account for variations in NPS over time, and

moreover, the role of Ab in progressing AD is most likely to vary (Direk et al., 2013).
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Further, different measures of Ab deposition (PET, Ab42, Ab42/Ab42 ratio, etc.) will
presumably yield different results and can therefore not be compared with each other
directly (Weise et al., 2015).

2. Overlap of Psychological Constructs
Psychological and psychiatric constructs are known to overlap tremendously, as can be
seen by the high numbers of comorbidities in the field (Kessler et al., 2005).
Regarding NPS, it has been argued that the conceptual overlap between anxiety,
depression, and apathy might account for the inconsistent results between studies
(Johansson et al., 2020).

3. Comorbidity in AD
Pure AD is uncommon, especially vascular dementia has been shown to concur with it.
Many symptoms of the two diseases overlap, and they probably even share a similar
etiology (Craft, 2009). As a result, prognostic models for Ab deposition are unstable
since it is hard to trace back the underlying cause of a specific predictor, like NPS.
Consequently, the cooccurrence of AD and other neurodegenerative diseases makes it
difficult to identify the causes of effects.

4. NPS as a Product of Neuropathology or Behavioral Consequence of AD
NPS can be a product of the behavioral reaction to AD, as a sickened individual will
exhibit abnormal levels of psychiatric symptoms when confronted with cognitive
impairment like severe memory loss (Cerejeira et al., 2012). On the other hand, it has
been shown that neuropathological processes may alter brain chemistry in a way that
directly produces NPS, as can be seen in the example of apathy (Mehak et al., 2023).
Consequently, the interpretation of NPS in the association of AD is difficult since it
may not be clear whether they are caused directly by neuropathology or constitute a

behavioral reaction.
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Overall, the findings of the present study reflect contemporary research on NPS and
AD CSF biomarkers, as they fit well in a research field that is characterized by an
inconclusiveness of results.

Limitations and Strengths

The results of this study must be interpreted in light of some limitations. A limitation
of this study is the relatively small sample size, that resulted in the relinquishment of splitting
the data into a training and test dataset for the ROC analyses. This procedure would have
allowed for a more accurate estimation of the model performance in future datasets and
should thus be carried out in prospective research. A strength of the study is the quality of the
utilized data. Since the Swedish BioFINDER cohorts were assessed and evaluated by
professional clinicians and researchers, it can be assumed that the standards regarding ethics
and accuracy of data collection were high (BioFINDER, 2023a, 2023b). On the other hand, a
further limitation constitutes the absence of longitudinal analyses in this study. As it can be
seen in previous research on the topic at hand, findings may vary significantly depending on
whether cross-sectional or longitudinal research designs were employed. Yet another strength
of this study is the use of both linear regression analyses and ROC analyses to estimate the
predictive power of NPS scales. A linear regression analysis considers all the available
variance and therefore allows for a precise estimation of associations between variables. A
ROC analysis on the other hand, while neglecting some of the available variance, forces cases
into a particular category, which is necessary when assessing the strength of a predictor for a
potential clinical setting.

Furthermore, participants in the BioFINDER study in both the Nomas and the TiDiS
cohorts were treated according to ethical guidelines. Participants were informed that their
participation was voluntary, and they could withdraw their consent at any time without
consequences for their medical treatment.

Importance of the Study and Future Directions
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Putting NPS in AD and other dementias into the focus of research is of great
importance. There is a risk that in the current practice of allocating disease-modifying
interventions for prospective AD, a large group of potential patients is neglected. As stated by
Mortby et al. (2018), elderly individuals who present themselves with psychiatric but no
cognitive symptoms are commonly labeled as psychiatric patients and therefore referred to a
mental health professional. If the symptoms of those individuals, however, are the result of
prospective AD, they don’t get the treatment they need. Extending the knowledge on NPS in
AD by establishing accurate cutoff points on NPS scales to predict future AD might
eventually aid in increasing the awareness of clinicians about NPS as a potential precursor to
future AD and thus help in solving this problem. Additionally, more insight into the
association between NPS and AD could offset the underrepresentation of NPS in
contemporary AD definitions like the IWG-3 criteria (Dubois, 2022) or the description
provided by DSM-V (American Psychiatric Association, 2013).

Future studies on NPS in AD should make use of longitudinal study designs to detect
the effect of NPS on Ab deposition and thereby AD, since previous studies have shown a great
deal of divergence between the results of cross-sectional and longitudinal studies. Moreover,
an important aspect that should be the focus of prospective studies is comorbidity. High
comorbidity in AD cases makes it difficult, if not impossible, to disentangle cause and effect
of NPS in AD. By controlling for, most importantly, other neurodegenerative diseases than
AD, the association between NPS and Ab deposition can be isolated and interpreted more
precisely. Another possible way that could resolve the problem of comorbidity is the
employment of an Ab-positive only sample. Such a study design may also be able to examine
the differences on other variables (like genetic variations, history of other illness, cognitive
decline, etc.) between Ab positive individuals with NPS who later develop AD and those who
do not. Finally, studies that combine NPS and cognitive decline as predictors for future

AD/dementia, as done, e.g., by Liew, 2020 should be reinforced. Generally, efforts should be
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made towards NPS as an ‘at- risk’ state for future AD. Other dementias or cognitive decline.
On behalf of this case, a first step has been taken by Ismail et al. (2017) by developing the
construct of Mild Behavioral Impairment (MBI), that accounts for NPS’ fluctuating nature

(Lanctot et al., 2017).

Conclusion

In the present study, inconclusive results have been found regarding the association
between NPS scales and CSF Ab42 levels. The best effect was found for informant-rated
apathy. Cutoffs on NPS scales have been computed based on positive/negative CSF Ab42
status. These cutoffs are lower compared to reference cutoff points. Future research on NPS in
AD should employ longitudinal research designs and look at comorbidities with other
neurodegenerative diseases. A better understanding of NPS in AD may establish NPS as an
“at- risk’ state for future AD and other dementias, increase the use of NPS in the clinical
setting, and thus aid in identifying prospective AD cases.
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Appendix

Tables with ROC Analyses for the Nomas and the TiDiS dataset

Table A

Performance Indices of ROC Analyses in Nomas Dataset
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NPS scale Cutoff SE SP J AUC PPV NPV

AES-S new 34 0.87 0.22 0.09 0.53 0.47 0.38
ref. 36.5 0.93 0.12 0.05

AES-I new 28 0.66 0.59 0.25 0.61 0.41 0.34
ref. 42 0.94 0.06 -0.01

HAD-A  new 2 0.54 0.56 0.10 0.54 0.57 0.36
ref. 8 0.66 0.59 0.25

HAD-D  new 2 0.60 0.52 0.12 0.56 0.54 0.34
ref. 8 0.87 0.20 0.07

Note. ‘New’ = newly calculated cutoff based on Ab 42 status, ‘ref.” = reference cutoff

point. SE = Sensitivity, SP = Specificity, J] = Youden’s Index, AUC = Area under the

Curve, PPV = Positive Predictive Values, NPV = Negative Predictive Values.

Table B

Performance Indices of ROC Analyses in TiDiS Dataset

NPS scale Cutoff SE SP J AUC PPV NPV

AES-S new 18 0.14 0.90 0.14 0.52 0 0.50
ref. 37 0.33 0.72 0.05

AES-I new 18 0.60 0.57 0.17 0.58 0 0.48
ref. 42 0.34 0.72 0.06

HAD-A  new 4 0.54 0.51 0.05 0.50 0.51 0.50
ref. 8 0.54 0.59 0.13

HAD-D  new 3 0.49 0.66 0.14 0.56 0.47 0.40
ref. 8 0.09 0.96 0.05

Note. ‘New’ = newly calculated cutoff based on Ab42 status, ‘ref.” = reference cutoff point.

SE = Sensitivity, SP = Specificity, ] = Youden’s Index, AUC = Area under the Curve, PPV

= Positive Predictive Values, NPV = Negative Predictive Values.
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