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English Abstract 
 

Introduction: Diagnosing Alzheimer’s Disease (AD) is complex, the earlier the disease's stage, the more 
difficult. Various factors are hindering an effortless diagnosis of the disease. Depressive symptoms can 
be a confounding variable, and the established diagnostic tools to find neurobiological evidence for a 
developing AD are high in cost and effort. Therefore, novel approaches providing differential diagnostic 
information are wanted. 

Methods: For Menne et al., 2020, sensitivity and specificity of different neuropsychological tests to 
discriminate between 190 CSF-positive and 307 CSF-negative subjects with varying numbers of 
depressive symptoms were calculated. For Schipke & Menne et al., 2020, a logistic algorithm with 6 
serum biomarkers was trained and validated to be used for dichotomous classification (suspicious/not 
suspicious of AD) on 55 subjects with MCI AD, 25 subjects with MCI non-AD, and 68 healthy controls. 
For Miebach et al., 2019, a semi-structured interview on subjective cognitive decline was conducted 
with memory clinic patients and controls without objective cognitive decline (healthy controls n=76, 
AD relatives n=24, subjective cognitive decline n=105). Subsequently, interview questions were 
associated with CSF biomarkers. 

Results: For Menne et al., 2020, we found that the neuropsychological test TMT-B is best in 
discriminating between patients with and without CSF values typical for AD in subjects with elevated 
numbers of depressive symptoms. For Schipke & Menne et al., 2020, it could be shown that the 
biomarker panel can differentiate between MCI due to AD patients and healthy controls with an 
accuracy of 86%. For Miebach et al., 2019, it was found that reported decline in memory and language 
abilities is associated with lower Aß-42 levels in CSF. 

Discussion: Early and differential diagnostic for AD is crucial for taking preventive action as early as 
possible. The established diagnostic gold standard, for which neurobiological evidence for AD is 
essential, is not readily available to the broader public for various reasons. With the findings presented 
here, we demonstrate alternative approaches to the established diagnostic measures, which are possible 
to be performed outside of specialized memory clinics. Furthermore, they are lower in cost and effort 
and less invasive.  

German Abstract 
 

Einleitung: Die Diagnose der Alzheimer-Krankheit (AD) ist komplex, je früher das Stadium der 
Erkrankung, desto schwieriger. Es gibt verschiedene Faktoren, die eine einfache Diagnose der Krankheit 
erschweren. Depressive Symptome können dabei eine Stör-Variable sein, und die etablierten 
Diagnosewerkzeuge, um neurobiologische Hinweise für eine beginnende AD zu finden, sind mit hohen 
Kosten und Aufwand verbunden. Daher sind neuartige Ansätze nötig, die differentialdiagnostische 
Informationen liefern. 

Methoden: Für Menne et al., 2020, wurden Sensitivität und Spezifität verschiedener 
neuropsychologischer Tests zur Unterscheidung zwischen 190 CSF-positiven und 307 CSF-negativen 
Probanden mit verschiedener Anzahl depressiver Symptome berechnet. Für Schipke & Menne et al., 
2020, wurde ein logistischer Algorithmus mit 6 Serumbiomarkern trainiert und validiert, um dann für 
eine dichotome Klassifizierung (hinweisgebend / nicht hinweisgebend auf AD) bei 55 Probanden mit 
MCI bei AD, 25 Probanden mit non-AD MCI sowie 68 gesunden Kontrollen angewendet zu werden. 
Für Miebach et al., 2019, wurde ein halbstrukturiertes Interview zu subjektiven Gedächtnisbeschwerden 
mit Patienten und Kontrollen ohne objektivierbare kognitive Einschränkungen aus verschiedenen 
Memory Clinics durchgeführt (gesunde Kontrollen n=76, AD-Verwandte n=24, subjektive 
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Gedächtnisbeschwerden n=105). Anschließend wurden die Interviewfragen mit CSF-Biomarkern 
assoziiert. 

Ergebnisse: Für Menne et al., 2020, fanden wir, dass bei einer erhöhten Anzahl depressiver Symptome 
der neuropsychologische Test TMT-B am besten zur Unterscheidung zwischen Patienten mit und ohne 
AD-typische Liquor-Werte geeignet ist. Für Schipke & Menne et al., 2020, konnte gezeigt werden, dass 
das Biomarker-Panel mit einer Genauigkeit von 86% zwischen MCI aufgrund von AD-Patienten und 
gesunden Kontrollen unterscheiden kann. Für Miebach et al., 2019, wurde festgestellt, dass ein 
subjektiver Rückgang der Gedächtnis- und Sprachfähigkeiten mit niedrigeren Aß-42-Spiegeln im 
Liquor verbunden ist. 

Diskussion: Früh- und Differentialdiagnostik für AD ist essenziell zur frühestmöglichen Prävention. Der 
etablierte diagnostische Goldstandard, für den neurobiologische Hinweise auf AD unerlässlich sind, ist 
aus verschiedenen Gründen für die breite Öffentlichkeit nicht niedrigschwellig zugänglich. Mit den hier 
vorgestellten Ergebnissen zeigen wir, dass es alternative Ansätze zu den etablierten diagnostischen 
Maßnahmen gibt, die außerhalb spezialisierter Gedächtnisambulanzen durchgeführt werden können. 
Darüber hinaus sind sie kostengünstiger und weniger invasiv. 
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Preface 

Parts of the following dissertation were already published in Menne et al., 2020 [1], Schipke & Menne 

et al., 2020 [2], and Miebach et al., 2019 [3]. The author F. Menne made adaptions for the present 

dissertation. The author’s contributions to the respective publications are given in detail in section 7. 

1. Introduction 

Millions of people worldwide are affected by neurodegenerative diseases that can lead to dementia, first 

and foremost by Alzheimer’s Disease (AD) [4]. This poses a heavy burden individually for the patients 

themselves and their caretakers. It furthermore has large-scale social and economic implications for the 

whole community in the form of financing needed for diagnostics and treatment of the disease, including 

palliative care. It was estimated that in 2015, the number of people affected by dementia worldwide was 

46.8 million. This number is projected to nearly double every 20 years until it reaches ca. 131 million 

in 2050. The economic impact of dementia in 2018 would surpass US$ 1 trillion [5]. 

These numbers show the importance of developing diagnostic and therapeutic measures in the field of 

AD. The hallmarks of AD, the most common cause for dementia, are extracellular amyloid plaques and 

intracellular neurofibrillary tangles [6], and it is believed that intracerebral cellular changes, especially 

the accumulation of amyloid, occur up to 20 years before the onset of clinical symptoms such as loss of 

memory or decline of orientation or speech [7]. For diagnostic and curative approaches, it is necessary 

to gain access to these alterations in the brain, which is prevented by different factors. One crucial factor 

is the blood-brain barrier (BBB). The BBB is a semipermeable border of endothelial cells [8] supposed 

to protect neurons from pathogens circulating in the blood while simultaneously allowing transport of 

needed elements such as nutrients, glucose, or water [9]. This highly effective system, preventing the 

passage of molecules between the brain and blood system, may obscure access to the intracerebral 

pathological changes and its substrates needed for diagnosing neurodegenerative disorders. 

Furthermore, it impedes developing a possible AD treatment since many therapeutic compounds are 

prevented from passing the BBB [10]. Nevertheless, there is evidence that the BBB becomes more 

permeable in AD, for a review, see Sweeney, Sagare & Zlokovic [11]. This might be one reason why 

AD is measurable in bodily specimens other than cerebrospinal fluid (CSF), which is becoming 

increasingly important. 

There are several reasons why there is a need for an easily accessible, minimally invasive, economic, 

and reliable diagnostic test capable of validly detecting the presence of AD earlier than is currently the 

case. According to a 2019 World Alzheimer Report survey, 95% of about 70,000 respondents thought 

it likely to develop dementia in their lifetime, and 82% would take a genetic test to learn about their risk 

[12]. Being aware of having an elevated risk for developing dementia due to AD and subsequently 

making lifestyle changes can delay cognitive worsening in subjects at risk for dementia [13]. Besides, 

evidence shows the positive and lasting effects of primary and secondary prevention in AD [14], such 



9 

 

as physical and cognitive activity. For preventive action, a timely diagnosis for finding out a personal 

risk is vital for implementing these preventive measures as early as possible. By doing so, there could 

be several millions of fewer patients and their caregivers burdened by the disease [15]. Furthermore, 

accurate diagnostic measures are in demand by pharmaceutical companies for different reasons. So far, 

no causal therapy against AD is available, but the search for adequate curative treatment is continuing. 

Due to the not yet fully understood etiology and the reasons for AD heterogeneity, a more 

comprehensive range of biomarkers is needed to determine the individual risk and nature of a patient’s 

disease. It is not only for attaining an easy and economical diagnostic tool to identify participants at risk 

to include them in clinical trials, but also to gain more insight into the disease's causes to develop a 

causal treatment eventually. In the future, there might even be personalized therapy against AD and 

other dementia causes, much like it has become standard in certain tumor diseases such as breast [16] 

or lung [17] cancer.  

1.1. Today’s gold standard for diagnosing Alzheimer’s Disease 

Today, the diagnosis of AD is still complex. Depending on the stage of the disease, a multitude of 

information is needed. Due to extensive advances in the past 20 years, diagnosing AD, especially 

gathering replicable neurobiological evidence for underlying AD-related neurodegeneration, has 

become more clinically established. Today, there are various methods available to obtain evidence for 

an underlying AD pathology in cognitively impaired patients; the more biomarkers and further clinical 

information are combined, the more accurate the diagnosis [18].  

1.1.1. Anamnesis 

The first thing clinicians usually do when faced with patients complaining about cognitive decline is 

taking their anamnesis. Ideally, they ask specific questions about the nature of the perceived mental 

worsening. While finding a diagnosis in later stages of the diseases is less demanding with evident loss 

of memory or orientation, it is more challenging in earlier stages, especially when the decline is not (yet) 

objectifiable. It has been shown that subjective cognitive decline (SCD), defined as the subjective 

experience of worsening cognitive performance among cognitively unimpaired older individuals, can 

represent an at-risk AD stage [19,20]. A group of researchers proposed a set of “SCD-plus criteria”. 

Subjects fulfilling these criteria have an even higher likelihood of being in a stage of preclinical AD 

[19]: (a) Subjective decline in memory rather than other domains, (b) onset of SCD within the last five 

years, (c) age of onset ≥ 60 years, (d) particular concerns associated with SCD, (e) the feeling of worse 

performance than others of the same age group, (f) confirmation of perceived cognitive decline by an 

informant, and (g) the presence of the Apolipoprotein (APOE) ε4 genotype. These criteria focused on 

memory decline, and there is research suggesting to involve other cognitive domains, e.g., complaints 

about worsening executive function, which is associated with amyloid-beta deposition in cognitively 

normal individuals [21]. An amyloid-Positron emission tomography (PET) study found that cognitively 
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normal subjects who perceived their general memory ability to be worse than peers of the same age have 

a higher amyloid-beta deposition [22]. 

1.1.2.  The role of depressive symptoms in diagnosing AD 

There are factors such as depressive symptoms that might interfere with the process of finding a clear-

cut clinical diagnosis. However, in diagnostic processes ruling out other etiologies for cognitive decline 

is essential. Especially in old age patients, cognitive impairment may not only be attributable to 

neurodegenerative disorders like AD [23] but may also occur during a major depressive episode (MDE) 

[24]. The interrelation between depression and AD is an ongoing debate in the existing literature. There 

is evidence that a history of depression in one’s lifetime may increase the risk of developing AD later 

in life [25]. On the other hand, depression in old age might represent a prodromal stage of AD [23,26,27]. 

In geriatricians’ everyday work, depression and cognitive decline often co-occur [28]. This may impede 

determining whether cognitive impairment is “only” a symptom of a clinically manifest MDE or if there 

additionally is an underlying neurodegenerative disease developing. Another issue that needs addressing 

is the severity of affective symptoms: depression is not only black and white, what classification systems 

consider as depressed or not depressed, but there are stages in between. These factors need to be 

considered when interpreting clinical symptoms and neuropsychological test results. 

1.1.3. Neuropsychology 

A critical puzzle piece in diagnosing cognitive impairment and subsequent ideal treatment is a 

neuropsychological assessment to determine different cognitive decline stages [29,30]. This staging and 

the attained anamnesis define the clinical diagnosis ranging from SCD via mild cognitive impairment 

(MCI, i.e., symptoms are objectifiable but not severe enough to interfere with daily living) to the 

different dementia stages. Similar to detecting cognitive decline during a structured clinical anamnesis, 

specific neuropsychological impairment patterns can provide hints pointing towards an underlying 

etiology. A close look at neuropsychological test results might thus help differentiate between early AD 

and late-onset depression. Two neuropsychological domains are of particular interest in this regard: 

memory and executive functions. For episodic memory, subjects with early AD and those with MDE 

exhibit below-average test results in immediate and delayed recall tests. However, MDE subjects retain 

the learned information, measured with recognition tasks, better than early AD patients [31]. 

Additionally, there is evidence of impairment in executive function measured by the Trail Making Test 

Part B (TMT-B) in AD patients with comorbid MDE compared to AD patients without depression [32]. 

Another study in patients with MDE found that long-term memory impairment was associated with 

developing AD to a greater extent than executive functioning [33]. Numerous studies highlight specific 

tests' ability to differentiate between AD, depression, and normal aging [34–36]. Furthermore, there is 

evidence that the validity of neuropsychological test results can differ depending on the test subjects' 

affective state [37,38]. These factors need consideration in the interpretation of neuropsychological test 

results. 
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1.1.4. Cerebrospinal fluid 

Evidence for AD-typical pathophysiological changes in the brain plays a crucial role in recent 

perceptions of a diagnostic strategy: The updated 2018 research framework for the definition of AD is 

based on biomarkers [39] and gives a biological definition of the disease. According to this framework, 

AD is defined by evidence for abnormal phosphorylated tau (T+) and beta-amyloid 1-42 (A+) levels in 

the brain. These criteria show sensitivity and specificity up to 83% for diagnosing AD in older adults 

with dementia [40]. However, lumbar punctures (LP) for obtaining CSF, in which the biomarker levels 

can be measured, might be perceived as highly invasive by some patients. Furthermore, processing and 

analyzing CSF is highly demanding, and sample processing alterations can lead to varying results [41]. 

Lastly, lumbar punctures might be contraindicated in some patients taking anticoagulants or suffering 

from conditions such as scoliosis.  

1.1.5. Neuroimaging 

An important source of information in AD diagnosis is brain magnetic resonance imaging (MRI) scans 

[42]. They are especially needed to examine brain atrophy patterns and rule out other causes for 

cognitive decline, such as vascular damages [43] or brain tumors [44]. PET for detecting an abnormal 

presence of both amyloid β and tau, another common diagnostic tool aiding in the diagnosis of AD 

[45,46], is an alternative to lumbar punctures. However, it is high in effort and cost, and patients must 

face a dose of radiation.   

1.2. Challenges in this gold standard 

This gold standard allows the most accurate diagnosis possible antemortem. Depending on how much 

information can be gathered, high in cost, effort, and time and not readily available to the general public. 

However, it needs to be stated that to date, there is no diagnostic measure that can detect AD in a living 

patient with 100% accuracy. The actual verification of amyloid plaques and neurofibrillary tangles can 

only be given in tissue utilizing brain histopathology, as first described by Alois Alzheimer [47]. 

Furthermore, there remains a big gap between the desirable research-based diagnostic measures and the 

factual community-based diagnostics, that outpatients can access at their general practitioners (GP). 

GPs, in most cases, are the first contact to medical professionals of community-dwelling older adults 

regarding health complaints. However, GPs usually do not perform LPs, and there is no data on how 

many neurologists or psychiatrists carry out LPs in their practice and have the technical equipment and 

staff expertise to conduct CSF analyses reliably and validly. It can thus be assumed that most LPs 

investigating neurodegenerative processes are done in hospitals with specialized memory clinics, which, 

depending on the place of residence, are not easily available. Furthermore, depending on the number of 

diagnostic tools used, they can be a heavy burden on the patient, their caregivers, and not least on the 

social system covering the cost, if applicable. Thus, there is an urgent need for novel approaches for 

finding evidence for developing AD as early as possible. 
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1.3. Novel approaches 

The discovery of APOE ε4, a genetic marker that can be measured in blood, which is associated with an 

increased risk for AD [48], was an important milestone in diagnosing the disease. Today, one of the 

most pursued approaches is the utilization of blood or blood components in novel biomarkers for AD. 

Currently, most research activities into blood-borne biomarkers for AD focus on the biomarkers that 

were established as the gold standard for the diagnosis of AD in CSF: amyloid-beta- and tau-species. 

By now, there is some evidence accrued that plasma p-tau181 [49–51] and plasma p-tau217 [52] have 

high diagnostic and differential diagnostic value. For amyloid-beta, there is even more literature 

showing high correlations to CSF amyloid-beta and diagnostic value in blood and blood plasma [53–

58]. New approaches in blood outside of the biomarkers usually of interest, i.e., amyloid and tau, might 

reflect neurodegenerative processes like AD. For example, there is evidence that systemic infection and 

inflammation are associated with neurodegenerative disorders [59,60], making it a potential target for 

novel diagnostic developments. Different studies aiming to find evidence for these processes were able 

to show the good diagnostic value of different panels of blood serum markers [61–63]. However, 

previous work mostly focused on patients in more advanced stages of AD [61,63]. In particular, it was 

shown before that the combination of six biomarkers quantified in blood serum could indicate AD at the 

dementia stage [63]. These markers have been selected based on their general association with the 

immune system in neurological diseases, specifically with AD: Brain-derived neurotrophic factor 

(BDNF), insulin-like growth factor 1 (IGF-1), vascular endothelial growth factor (VEGF), transforming 

growth factor-beta type 1 (TGF-ß1), monocyte chemoattractant protein 1 (MCP-1), and interleukin-18 

(IL-18). These factors are involved in neuroprotective and neurodegenerative processes. BDNF is 

generally known to regulate age-associated pathways as well as neuronal plasticity [64], TGF-β1 is 

involved in neurogenesis [65], and IGF-1 is a neuroprotective factor whose role in AD is still 

controversial [66]. VEGF, a factor related to vascular processes, has neuroprotective effects, and 

lowered levels in AD have previously been described [67]. IL-18, in combination with IL-1beta, may 

contribute to neuroinflammatory processes in AD via the inflammasome pathway [68]. Monocyte 

chemoattractant protein-1 is a chemokine that mediates inflammation in AD [69]. 
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2. Aims and hypotheses 

Timely diagnosis is crucial in AD to implement preventive measures at the earliest time possible. With 

this work, we aimed for novel diagnostic and differential diagnostic tools that can help to find evidence 

for or against a developing AD in symptomatic and presymptomatic subjects. In particular, we sought 

to find useful diagnostic measures outside the gold standard of CSF biomarkers, namely clinical 

anamnesis (Miebach et al., 2019 [3]), neuropsychological testing (Menne et al., 2020 [1]) as well as 

blood serum markers (Schipke & Menne et al., 2020 [2]).  

We hypothesized that there are clinical features, neuropsychological testing results, and blood serum 

biomarker constellations associated with changes in amyloid and tau metabolism in CSF as evidence for 

an underlying AD. Furthermore, we hypothesized that depending on the number of depressive symptoms 

present, neuropsychological tests differ in their ability to discriminate between patients with and without 

evidence for a developing AD.   
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3. Methods 

3.1. Cohorts 

3.1.1. Cohort of Menne et al., 2020 

The study “Value of Neuropsychological Tests to Identify Patients with Depressive Symptoms on the 

Alzheimer’s Disease Continuum” [1] was conducted on a sample of patients of the memory clinic within 

the Charité Universitätsmedizin Berlin, Germany. These patients visited the clinic between 2007 and 

2018, reporting a cognitive decline. A total of 2101 of these patients were extensively assessed via 

medical history, neuropsychological testing, cranial imaging, and lumbar puncture to assess CSF 

biomarkers (Aβ40, Aβ42, and t-Tau). DSM-IV/-V diagnosis for each patient was reached in a clinical 

conference. Since we focused on early disease stages, we excluded patients with a Mini-Mental Status 

Examination (MMSE[70]) score of <24, a total of 1414. Furthermore, we excluded patients who did not 

fulfill our established CSF positive or CSF negative criteria as described below. We obtained an ethical 

vote from the Ethics Committee of the Charité Universitätsmedizin Berlin, vote number EA4/057/20. 

3.1.2. Cohort of Schipke & Menne et al., 2020 

The sample for the study “Value of a panel of six serum biomarkers to differentiate between healthy 

controls and mild cognitive impairment due to Alzheimer’s disease” [2] consisted of memory clinic 

patients who underwent a diagnostic workup in the memory clinics of the Charité Universitätsmedizin 

Berlin, Germany and the Technical University of Munich, Germany. The patients' extensive 

characterization was conducted as described in 3.1.1. For some patients, CSF p-Tau values were also 

assessed. Criteria for MCI were set according to National Institute on Aging and Alzheimer’s 

Association (NIA-AA [71]). For the diagnosis of MCI due to AD, there additionally needed to be 

evidence for underlying AD pathophysiology, i.e., amyloid and tau abnormality in CSF. Furthermore, 

for the diagnosis of MCI due to AD, other reasons for cognitive decline, such as extensive vascular 

damage or depression, were excluded. We recruited healthy blood donors (n=68) from the Kantonsspital 

Aarau AG, Switzerland, for the group of controls. From this analysis, we excluded subjects with a 

history of malignant diseases, severe renal insufficiency, HIV infection, acute infections, autoimmune 

diseases, neurodegenerative diseases other than AD, acute stroke, and history of stroke with residual 

symptoms, delirium, substance abuse, and psychotic disorders. Furthermore, participants with regular 

statin intake were excluded since there is evidence that statins may influence BDNF [72], IGF-1 [73], 

and VEGF levels [74]. Local ethics committees approved the examination, and we received ethical votes 

from local ethics committees; Technical University of Munich, School of Medicine (reference 

no.11/16S) and from Charité, EA4/078/14. 

3.1.3. Cohort of Miebach et al., 2019 

Subjects for the study “Which features of subjective cognitive decline are related to amyloid pathology? 

Findings from the DELCODE study” [3] participated in the DZNE-Longitudinal Cognitive Impairment 
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and Dementia Study (DELCODE). DELCODE is an observational longitudinal memory clinic-based 

multicenter study in Germany to improve characterization of the early, preclinical stage of AD, focusing 

on SCD patients [75]. Institutional Review Boards approved the study protocol of all participating study 

centers of the German Center for Neurodegenerative Diseases (DZNE), all subjects provided written 

informed consent. 205 participants without objective cognitive impairment were included in the study: 

healthy controls (HC, n=76), first-degree relatives of patients with AD dementia (AD relatives, n=24), 

and memory clinic patients with unimpaired test performance but with a report of worrisome subjective 

cognitive decline at the initial screening (SCD patients, n=105). The diagnostic criteria for group 

definition and the study protocol have been described elsewhere [75]. 

3.2. Design of the studies 

3.2.1. Neuropsychological tests 

For Menne et al., 2020, and Schipke & Menne et al., 2020, patients’ cognitive performance was assessed 

with the neuropsychological testing battery of the Consortium to Establish a Registry for Alzheimer’s 

Disease (CERAD-NP [30]). This testing battery consists of the MMSE [70] as well as tests for phonemic 

fluency and visual naming (Boston Naming Test [76]), constructional praxis, and constructional praxis 

delayed recall and verbal memory tasks. Furthermore, tests to measure processing speed and executive 

function, i.e., the Trail Making Test A (TMT-A) and B (TMT-B) [77], as well as the Clock Drawing 

Test (CDT [78]). Results on each CERAD-NP-subscale were z-standardized according to gender, age, 

and years of education. For Miebach et al., 2019, an extended testing battery including the CERAD-NP 

was used, as previously described elsewhere [75]. 

3.2.2. Assessment of affective symptoms 

Depressive symptoms were assessed with the Geriatric Depression Scale (GDS), a yes/no dichotomous 

scale with scores ranging from 0-30, scores are proportional to depressive symptoms [79]. This self-

administered questionnaire was shown to be a valid instrument to help identify late-life depression [80]. 

A cut-off score of ≥11 is considered a possible indicator of depression, with a sensitivity of 84% and a 

specificity of 95% for accurately detecting late-life depression [81]. According to our clinical 

experience, GDS scores of 21 or higher are highly indicative of clinical depression. For these reasons, 

we decided to divide patients into one of three GDS subgroups, namely patients with a GDS-score ≤10 

(low GDS), 11-20 (moderate GDS), and ≥21 (high GDS). For Miebach et al., the 15-item short version 

of the GDS was used.  

3.2.3. Cerebrospinal fluid sampling 

CSF was collected and analyzed according to a standardized protocol described in detail elsewhere [82]. 

In the Berlin memory clinic, we established the following CSF biomarker cut-offs as indicative of AD-

typical pathology: Aβ42≤600 pg/ml (sensitivity 0.82, specificity 0.80) or ratio Aβ42/Aβ40 ≤ 0.065 

(sensitivity 0.80, specificity 0.75), added by t-Tau≥350pg/ml (sensitivity 0.74, specificity 0.78). 

Following the NIA-AA research framework [39], we defined CSF positive patients showing both 
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amyloid-pathology (A+) and neurodegeneration (N+). For the analyses in Menne et al., 2020, we 

defined patients as having AD-typical pathology (i.e., CSF-positive) when t-Tau≥350 pg/ml and 

Aβ42≤600 pg/ml. In CSF-negative patients, the cut-offs were t-Tau<350pg/ml and Aβ42>600 pg/ml, 

corresponding to A- and N-.  

For Berlin patients in Schipke & Menne et al., 2020, we considered an underlying AD pathology likely 

based on the following CSF biomarkers: t-tau>300pg/ml, Aβ42<600 pg/ml, and Aβ42/Aβ40<0.065. For 

Munich patients, following values applied: t-tau>252pg/ml, P(181)-tau>60pg/ml, Aβ42<650 pg/ml and 

Aβ42/Aβ40<0.050. 

For Miebach et al., 2019, the sampling and processing of CSF, including cut-off values defined as in 

line with AD pathology, have been described previously [75]. For this study, we used continuous 

variables of Aβ42, P(181)-tau and total Tau levels rather than cut-off values to investigate associations 

of SCD within the complete Alzheimer’s continuum in cognitively healthy individuals. Besides, we 

calculated a CSF amyloid/tau ratio score (Aβ42/(240 + 1.18 × tau), established as a specific marker for 

AD [83]. 

3.2.4. Subjective cognitive decline interview and scoring procedures 

For the systematic assessment of SCD in the sample of Miebach et al., 2019, we developed a semi-

structured interview (SCD-I). It assesses self-experienced cognitive impairment in the five domains 

memory, language, planning, attention, and other cognitive decline as well as the SCD-plus features 

[19]. All interviews were administered face to face by trained study physicians and lasted approximately 

5 minutes. The interview consists of 3 parts, including an open question and a structured part for the 

participant and the informant, whereas this study's focus was the structured part. For each domain, the 

physician asked the patient if they had noticed any worsening function (e.g., “Do you feel like your 

memory has become worse?”). If the participant answered this question with yes, the physician added 

more in-depth questions about the domain to assess the presence/absence of SCD-plus features, i.e., 

specific questions about associated worries (“Does this worry you?”), onset (“How long ago did you 

start to notice the decline?”). Moreover, the performance in comparison to peers (“Compared to other 

people of your age, would you say that your performance is worse?”). A modified SCD-I was also 

administered to a study partner (usually a relative or spouse) of all participants, asking for an observed 

decline in any of the same five domains.  

The quantification of response data allows the derivation of the total number of domains with a reported 

decline and the total number of fulfilled SCD-plus features. This scoring was executed as follows:  

Number of fulfilled SCD-plus features: Reported as number of fulfilled SCD-plus features ranging from 

0 to 5 (decline in memory, onset within the last five years, worries associated with a decline in a 

cognitive domain, feeling of worse performance than others of the same age group, confirmation 

of perceived cognitive decline by an informant). 
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The number of reported SCD domains: Sum of the number of cognitive domains (memory, language, 

planning, attention, others) in which the participant endorses a worsening in function (maximum score 

= 5). 

3.2.5. Blood sampling 

Blood samples for Schipke & Menne et al., 2020, were collected in neutral 7.5 ml S-Monovette R® 

without additives (Sarstedt, Nürnbrecht, Germany). The samples were left to clot for 60 min and 

protected from heat before centrifuging at room temperature for 10 min at 2000×g to segregate the 

serum. The obtained serum was stored in aliquots at -80°C until analysis. Hemolytic, lipemic or icteric 

samples were excluded, as such quality deficits can potentially influence assay results 

3.2.5.1. Measurement of BDNF, IGF-1, VEGF, TGF-β1, MCP-1 & IL-18 

The six biomarkers' protein levels were assessed using ELISAs, described in detail previously [63]. The 

quantifications were performed according to the manufacturer’s instructions with the application of the 

specific sample dilutions. These sample dilutions were optimized and established for each biomarker by 

our workgroup. In addition to the assay-specific protein standards, an internal control was measured 

within each assay run. Assay results were quantified using a microplate reader (ELX808, BioTek 

Instruments Inc., Winooski, VT, USA). The protein concentrations for BDNF, IGF-1, and TGF-β1 are 

expressed in ng/ml, and pg/ml for VEGF, MCP-1, and IL-18.  

3.3. Statistical Analyses 

3.3.1. Menne et al., 2020 

Data were analyzed using the statistical software “R”, version 3.2.4. After dividing patients into CSF 

positive and CSF negative, a single value classification was performed. We calculated receiver operating 

characteristic (ROC) curves for all neuropsychological tests by calculating the sensitivity and specificity 

for each value of the neuropsychological test results. The performance of the classification was assessed 

using the area under the curve (AUC). For further analyses, we formed the cognitive domains Recall 

(Wordlist Recall, Constructional Praxis Savings, Discriminability) and Executive Function (Semantic 

Fluency, Trail Making Test A and B) and calculated AUC values. To investigate the relation between 

classification performance and depressive symptoms, we performed a series of single value 

classifications for patients with increasing GDS scores. For a given GDS score, we selected all patients 

with a score of ±10 and performed single value classifications. 

3.3.2. Schipke & Menne et al., 2020 

Data analysis and plots were computed using Python (version 2.7.9; Python Software Foundation, OR). 

We used a logistic regression model on input data for the computation of the algorithm to predict a given 

participant's group (data from all six variables). The result is a one-dimensional value for each dataset 

and a general classifier that best separates groups. To train and validate the algorithm, we used data of 

Charité DAT (dementia of Alzheimer’s type) patients with CSF-validated AD pathology as well as data 

of healthy controls (blood donors). The model was trained and then validated with independent data sets 
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of controls and AD patients. Sensitivity and specificity to discriminate between groups were calculated, 

receiver operating characteristic (ROC) plots were obtained from the data used for validation. 

Subsequently, the now trained and validated algorithm was applied to the six biomarkers' datasets in 

two cohorts of MCI patients with and without AD-typical changes in CSF to dichotomize blood 

biomarker results from each participant into the group of “AD” or “control”. The accuracy of the 

prediction into the right class, in this case, “AD”, is given as the percentage of cases predicted into the 

AD class. 

3.3.3. Miebach et al., 2019 

All analyses were performed using SPSS Version 23.0 (IBM) for Windows. Group differences in CSF 

level were reported as age-adjusted results based on ANCOVA. Linear regression models were used to 

examine the relationship between different SCD scores and the CSF biomarker outcome variables 

described above. We performed separate analyses for the number of fulfilled SCD-plus features and the 

number of reported SCD domains. In step 1, we entered one of the SCD scores as a single predictor. In 

a second step, we adjusted for age, sex, and education. To gauge the added benefit of SCD questions 

over and above memory testing, we controlled for objective memory performance by using the word list 

delayed recall score as a covariate. All cases with missing data in any variables were excluded.  

 

Table 1: Summary of study methods 

 

Study Sample Method 

Menne et al., 
2020 

Memory clinic patients: CSF-positive 
n=190, CSF-negative n=307 

Calculation of sensitivity and specificity 
of each neuropsychological test to 

discriminate between CSF-positive and 
CSF-negative subjects 

Schipke & 
Menne et al., 
2020  

Memory clinic patients: AD dementia 
n=42, MCI AD n=55, MCI non-AD n=25; 

healthy controls: n=68  

Training and validation of logistic 
algorithm with 6 serum biomarkers to then 

be used for dichotomous classification 
(suspicious/not suspicious of AD) 

Miebach et al., 
2019 

Memory clinic patients and controls 
without objective cognitive decline: 

Healthy controls n=76, AD relatives n=24, 
Subjective cognitive decline n=105 

Semi-structured interview on subjective 
cognitive decline, subsequent association 

of interview questions with CSF 
biomarkers 
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4. Results 

4.1. Results of Menne et al., 2020 

307 subjects were defined as CSF negative (A- and N-) and 190 as CSF positive (A+ and N+). In patients 

with GDS scores of ≤10, the neuropsychological tests with the highest specificity and sensitivity in 

differentiating between CSF positive and CSF negative were (in descending order) the MMSE 

(AUC=0.72), Constructional Praxis Recall (0.71), and Wordlist Total (0.71). In patients with GDS 

scores of 11-20, the Trail Making Test-B (0.77), Wordlist Discriminability (0.75), and Wordlist Recall 

(0.75) showed the highest specificity and sensitivity. The neuropsychological tests with the highest 

specificity and sensitivity to differentiate between CSF groups with GDS scores of 21-30 were the Trail 

Making Test-B (0.82), CDT (0.79), and Wordlist Recall (0.78) tests. When analyzing the discriminatory 

power throughout GDS scores (0-30), we find a rise in the AUC values of several neuropsychological 

tests with increasing GDS scores.  In particular, the Trail Making Test B (TMT-B) and especially the 

Boston Naming Test (BNT) test exhibit a marked rise in AUC values with higher GDS scores. There 

are significant differences when comparing AUCs of the TMT-B (AUC: 0.64 vs. 0.82, p<0.02) and the 

BNT (AUC: 0.55 vs. 0.75, p<0.02) between the two groups with low (≤10) and high (≥21) GDS scores. 

However, we found no significant differences when comparing the cognitive domains Recall (AUC: 

0.71 vs. 0.76, p=0.52) and Executive Function (AUC: 0.65 vs. 0.75, p=0.23) between high and low GDS 

score groups. 

4.2. Results of Menne & Schipke et al., 2020 

We calculated an algorithm including data sets from the sex-matched, age-adjusted control cohort 

(n=20), together with data sets of 42 DAT patients whose diagnosis was neurobiologically validated 

based on CSF biomarkers. The model was trained with n=10 data sets of controls and n=21 data sets of 

DAT patients. The trained algorithm was then validated with n=10 data sets of controls and n=21 data 

sets of DAT patients. For the validation data set (n=31), the correct group (DAT or control) was 

predicted with an accuracy of 80.6%. Overall, this yields a sensitivity of 80% and a specificity of 81% 

for the prediction into the right group. Because of the limited number of data sets from controls, we also 

calculated an algorithm including data sets from the full control cohort (n=68) together with the data 

sets of the 42 DAT patients. The model was trained with n=45 data sets of controls and n=28 data sets 

of DAT patients. The trained algorithm was then validated with n=23 data sets of controls and n=14 data 

sets of DAT patients. For the validation data set (n=37), the correct group (DAT or control) could be 

predicted with an accuracy of 83.8%. Overall, this yields a sensitivity of 87% and a specificity of 79% 

for the prediction into the right group.  

Subsequently, we applied the algorithm to MCI patients. When analyzing MCI-AD patients from the 

two different cohorts separately, in the Berlin cohort (30 MCI-AD patients), n=4 were classified as 

“control”, and n=26 were classified as AD. In the Munich cohort (25 MCI-AD patients), n=4 were 
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classified as “control”, and n=21 were classified as AD. Accuracy of prediction into the right class was 

87% for the Berlin cohort and 85% for the Munich cohort. 

Since a considerable number of MCI patients do not exhibit AD-typical alterations in CSF, we also 

analyzed the algorithm's performance applied to MCI non-AD (n=25) patients, who were not further 

stratified according to disease etiology. When applying the previously established algorithm, n=6 were 

classified as “control”, and n=20 were classified as “AD”.  

Since the algorithm classified subjects from the MCI non-AD group as “AD”, we further analyzed the 

frequency distributions and means of biomarker values for all six markers in the two groups. Mean 

values are significantly different for MCP-1 (p<0.005), with lower levels in the MCI-AD group. While 

mean levels are not significantly different for all other markers, there is a trend for lower BDNF and 

TGF-1levels in MCI-AD patients. Since absolute values are not the primary criterion for our analysis 

but rather patterns in biomarker concentrations, we further looked at frequency distributions of both 

groups' biomarker values. We calculated the relative frequency (percentage) of biomarker values with a 

given bin center for each marker in both groups and plotted those frequencies side by side. For all 

markers except VEGF, the frequency distributions appear different between groups.  

4.3. Results of Miebach et al., 2019 

Out of the 205 individuals divided into the three groups of HC, AD relatives, and SCD, 76.1% reported 

a cognitive decline in at least one domain, and among those experiencing a decline, 72% also endorsed 

worries associated with the decline. Most complaints were reported in the memory (n=129; 62.9%) and 

language domain (n=127; 62%). As expected, due to the inclusion criteria, the three participant groups 

differed in the endorsement of decline in SCD domains and SCD-plus features. Most (93.3%) SCD 

patients reported a memory decline, but a sizeable proportion of the other participants also did, although 

less frequently (HC 26.3%; comparison with SCD, χ2=87.26; p<0.001; AD relatives 45.8%; comparison 

with SCD χ2=33.65; p<0.001). The same pattern was observed for experienced decline in language 

abilities (SCD=82.9%, HC=36.8%, pairwise comparison χ2=40.29; p<0.001; AD relatives=50%, 

pairwise comparison to SCD χ2=11.82; p<0.001). The number of fulfilled SCD-plus features differed 

highly significantly between the three groups (F(2,202)=99.807; p<0.001). Participants in the SCD 

group fulfilled more SCD-plus features (M=3.5) than participants in the HC group (M=0.93, p (bonf. 

adj.)≤0.001) and in the AD relatives (M=1.63, p (bonf. adj.)≤0.001), which also differed from each other 

(p (bonf. adj.)≤0.05). 

In the combined sample of all three groups, lower age-adjusted CSF-Aß-42 levels were found in those 

fulfilling the SCD-plus features of a decline in memory (F(1,202)=7.65, p<0.01, η2p=0.036), onset 

within the last 5 years (F(1,202) 6.07, p<0.05, η2p=0.029), and the confirmation by an informant 

(F(1,202)=4.19, p<0.05, η2p=0.032). Hierarchical linear regression analysis showed that the number of 

fulfilled SCD-plus features was a significant predictor of a reduced CSF-Aß-42 level (ß= −0.225, 
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p<0.005) and of a reduced CSF Aß-42/tau-ratio (ß= −0.189, p<0.01) independent of age, sex, and 

education. In contrast, the relationship between the number of fulfilled SCD-plus features and CSF total 

Tau (ß= −0.055, p> .05) and pTau-181 (ß = −0.077, p >0.05) was not significant. Using objective 

memory performance (word list delayed recall) as an additional covariate to control for subtle group 

deficits in cognition, we found that the SCD-plus score was still a significant predictor, explaining more 

variance than objective memory performance (as seen by the contribution to R2 in the prediction model) 

in CSF-Aß42 and CSF Aß-42/tau ratio. We further observed that participants endorsing a decline in 

memory or language had significantly lower age-adjusted Aß-42 levels than those who did not report a 

decline in these domains. A reported decline in the other domains (which occurred less often than a 

reported decline in memory and language) was not significantly associated with Aß-42. The number of 

reported domains with experienced decline was also a significant predictor of lower CSF-Aß42 level 

(ß= −0.209, p<0.01) and lower CSF Aß42/tau-ratio (ß = −0.146, p<0.05) after including age, sex, 

education, and the delayed recall score to the model. For CSF-ptau18 and total Tau, only age (total Tau 

ß=0.260, p<0.001; p-tau: ß=0.215, p<0.01) and delayed recall score (total tau: ß= −0.167, p<0.05; p-

tau: ß= −0.151, p<0.05) were significant predictors. 

 

Table 2: Summary of study findings 

 

Study Main findings Further findings 

Menne et al., 
2020 

TMT-B is best in discriminating between 
patients with and without CSF values 

typical for AD in subjects with elevated 
numbers of depressive symptoms 

With rising GDS scores, the 
discriminative power of most 

neuropsychological tests increases 

Schipke & 
Menne et al., 
2020  

A panel of 6 serum biomarkers can 
differentiate between MCI due to AD 
patients and healthy controls with an 

accuracy of 86% 

 The same panel classified 80% of patients 
with MCI due to other etiologies than AD 

as suspicious for AD 

Miebach et al., 
2019 

A reported decline in memory and 
language abilities is associated with lower 

Aß-42 levels in CSF 

Quantitative SCD scores are associated 
with lower Aß42 and lower 

Aß42/Tau ratio, but not with total Tau or 
p-Tau181 
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5. Discussion 

5.1. Discussion of Menne et al., 2020 

This paper aimed to find neuropsychological tests that hint towards AD-typical CSF changes while 

considering varying numbers of depressive symptoms. For this, we explored the sensitivity and 

specificity of different neuropsychological in patients verified for AD-typical CSF biomarkers. Our 

findings support our hypothesis that depending on the number of depressive symptoms, 

neuropsychological tests will vary in their ability to differentiate between subjects with and without AD-

typical changes in CSF. We found that in subjects with a moderate to a high number of depressive 

symptoms, assessing executive function with the TMT-B has the highest power to discriminate between 

CSF-positive and CSF-negative patients. Furthermore, we observed an increasing discriminatory power 

of several CERAD-NP subtests throughout rising GDS scores.  

Specific neuropsychological tests are not only used in specialized memory clinics but at the GP as well, 

like the MMSE and the CDT [84]. It was shown before that both tests could add to the diagnosis and 

differential diagnosis of AD and depression [85,86]. However, there are limitations in both test 

instruments, like lacking sensitivity and specificity in different cohorts [87,88] or the influence of age 

and education [89], for which in the original versions of the tests, there is no controlling. In our data 

presented here, upon closer examination of different neuropsychological subtests and their ability to 

discriminate between CSF-positive and negative subjects in our data, CDT and MMSE are valuable 

testing instruments in different GDS subgroups, respectively. However, depending on the GDS 

subgroup, other tests outperform these two. The TMT-B test was best at differentiating between CSF 

positive and negative patients with moderate to high GDS scores (11-30). The TMT-B assesses, among 

others, executive function, which is impaired not only in mild AD [90] but also in earlier stages of AD 

(i.e., MCI due to AD) [91], and there is evidence the TMT-B may help distinguish between cognitively 

healthy controls, AD and depressed patients [92,93]. Our results are in-line with these previous findings. 

Hence, we can confirm the value of testing patients’ executive function to establish a differential 

neuropsychological diagnosis.  

We furthermore observed a broad rise in the AUC values of a few CERAD-NP subtests in our data. 

Higher depressive symptoms in CSF positive patients seem to influence test performance more than in 

CSF negative patients. Since being at risk for AD as defined by CSF-typical biomarker changes typically 

leads to a significant difference in test performance compared to CSF negative patients [94], a concurrent 

high number of depressive symptoms might lead to an even more pronounced difference in test 

performance. This can be seen as a “double hit”, resulting in a few neuropsychological tests' higher 

power to differentiate between the two CSF groups.  

We consider the high number of patients with available CSF data a strength of this analysis. To the best 

of our knowledge, we are not aware of any published data of monocentric databases with a similar 
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amount of CSF data available. Furthermore, using patients’ CSF data and neuropsychological test results 

rather than their diagnosis reduces the risk of being biased by their clinical diagnosis when interpreting 

our findings. Moreover, few publications regarding neuropsychological test performance in early AD 

patients with moderate or high depressive symptoms are available, as mood disorders are often exclusion 

criteria in studies on neurodegenerative disorders. 

The cross-sectional nature of the study may be a limitation. Since no follow-up examinations were 

conducted, it remains unclear whether the observed CSF abnormalities resulted in neuropsychological 

and GDS score changes or whether these changes were present before CSF abnormalities. Furthermore, 

no phosphorylated tau (p-Tau) data was available, which together with Aβ defines AD according to the 

NIA-AA research framework [39]. Lastly, the unequal GDS subgroups and CSF group sizes limit 

statistical power; thus, the results presented here must be interpreted with caution.  

Our results support previous studies identifying neuropsychological tests that more accurately 

differentiate between patients with MCI, mild AD, or MDE. Our findings strengthen existing results 

regarding which neuropsychological tests used in the routine clinical practice are best at differentiating 

between CSF positive and CSF negative patients while considering varying degrees of depressive 

symptoms. 

5.2. Discussion of Schipke & Menne et al., 2020 

In this work, we explored an algorithm's accuracy to identify participants with MCI due to AD from 

healthy controls and patients with MCI of non-AD origin. We were able to show high diagnostic 

accuracy of the algorithm to differentiate between patients suffering from MCI due to AD and healthy 

controls while controlling for center induced effects. Our findings extend previous data that show how 

neuroinflammatory and neuroprotective blood biomarkers are associated with neurodegenerative 

disorders like AD, which could be used for diagnostic purposes [61–63]. Previous work often focused 

on patients in more advanced AD stages [61,63], whereas the data presented here gives evidence that 

already in the MCI status, there is diagnostic value of our algorithm-based approach. 

There are limitations in this study, such as its cross-sectional nature. There are no follow-up 

examinations of the patients; thus, it remains unclear whether the observed CSF abnormalities in patients 

resulted in changes in the clinical state. Furthermore, there was no CSF or neuropsychological data of 

controls available, so there was no proof of amyloid-negativity and participants’ cognitive status.  

Finally, when applying the algorithm on the MCI non-AD participants, validated by CSF biomarker 

values, 80% of those subjects were classified into the “AD group”. One reason for this might be that for 

all six examined biomarkers except VEGF, the frequency distributions appear different between groups. 

Thus, the apparent differences in frequency distributions might indicate differences between these two 

groups in the six markers' pattern.  
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Perhaps our panel of six biomarkers does not reflect AD-typical neurodegeneration but cognitive 

impairment on a clinical level. Also, in this analysis, the group of MCI non-AD patients was not further 

stratified regarding disease etiology, possibly accounting for a large variance of results in an overall 

relatively small group. One may also hypothesize that our panel of biomarkers measures a 

neurodegenerative component that lies beneath the biochemical changes in Amyloid-β and Tau. Further 

longitudinal research in an incidence study design and an extension of our approach towards other 

neurodegenerative diseases such as frontotemporal dementia or Lewy-body dementia will be needed to 

gain evidence for this hypothesis.  

5.3. Discussion of Miebach et al., 2019 

In the present study, we demonstrate the feasibility and validity of a short semi-structured interview 

(SCD-I) designed to capture essential aspects of SCD in the context of preclinical AD. We also 

established the association of SCD-plus items and two quantitative SCD-I scores with CSF biomarkers.  

All SCD patients reported a decline in one or more cognitive domains within the last years. However, 

about half of the HC group also endorsed at least some cognitive decline, which is in line with 

community studies reporting prevalence rates from 25 to 50% of memory complaints increasing with 

age [95]. This indicates that SCD can be caused by other non-AD etiologies, including personality traits 

[96], physiological aging, or the research setting [97]. Regarding SCD-plus features, most of the SCD 

subjects reported a worrisome cognitive decline, which is an expected finding given that a worrisome 

decline was required for inclusion. Most SCD participants (81%) reported an onset of a decline within 

the last five years, which is in line with the reported onset in the SCIENCe SCD-cohort, where 83% 

reported an onset within the last five years [98].  

In line with the first interim report from the DELCODE study based on a smaller sample [75], we found 

that SCD participants had lower age-adjusted CSF-Aß42 levels and lower CSF-Aß42/Tau ratios than 

HC, while the total Tau level and the p-Tau-181 level did not differ between groups. The SCD-plus sum 

score and the SCD-I domain score were significantly and specifically associated with amyloid pathology 

measures, and to the same extent with a derived amyloid/Tau ratio, but not with p-Tau181 or t-tau level 

alone. The associations with amyloid are in line with previous studies using either CSF amyloid 

measures [99,100] or amyloid PET [101,102]. Like in the present study, these studies did not find an 

association of CSF-Tau with quantitative SCD [99,100].  

Three of the suggested SCD-plus features were significantly associated with amyloid pathology: 

experienced decline in memory, the onset of subjective decline within the last five years, and 

confirmation by an informant. In contrast to our study, two studies of the Amsterdam SCIENCe cohort 

[98,103] did not find associations with “memory decline” and “onset within five years”. Apart from 

differences in assessment, this may be due to the younger age of the SCIENCe cohort compared to the 

DELCODE cohort (64 versus 69 years on average). However, an association of subjective memory 

decline and informants' cognitive ratings with amyloid pathology has been found before [21,104]. The 

biomarker associations of the single SCD domains revealed that perceived decline in the memory and 
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language domain showed the highest associations with AD biomarkers, which is in line with studies 

suggesting that memory complaints are the best predictor of incident MCI [105] or that memory-related 

complaints are associated with PIB retention in healthy older adults [21].  

The SCD-I discriminated well between the HC and SCD groups in our study, which is somewhat circular 

for the items of cognitive decline and related concerns, as these SCD-plus criteria were used for group 

definition at inclusion. However, also the other SCD-plus items assessed at baseline with the SCD-I 

markedly differ between the groups. Furthermore, most SCD-I items and both SCD-I summary scores 

were associated with CSF-amyloid, implicating that it captures, to some degree, AD-related cognitive 

concerns. In sum, this provides a first validation of the SCD-I as a measure for SCD. One limitation of 

the present SCD-I is that it directly asks for an experienced or observed decline in five 

neuropsychological domains, using global and commonly used terms like memory, language, or 

planning. Whether subjects “correctly” identify their specific problems related to one of those domains 

is unknown. However, subjects can endorse deficits in many domains instead of only one or two, and 

the domain score, like the SCD-plus score, seems to capture SCD severity, as it is related to AD 

pathology. Furthermore, it should be noted that individuals included in the present study were recruited 

in the memory clinic (SCD patients) and the community (HC and relatives). Evidence suggests that the 

active process of seeking medical help due to self-perceived cognitive decline is a factor with potential 

prognostic value for the presence of AD pathology [106,107]. 

5.4. Summary 

Cognitive impairment in old age can occur due to numerous reasons, the most common being AD [6]. 

However, etiologies like vascular damages, other neurodegenerative diseases, or psychiatric disorders 

can be the root for cognitive decline; often, a combination of two or more is prevalent. Early and 

differential diagnostic is sought after to implement the appropriate diagnostic and therapeutic measures. 

Finding the correct diagnosis, especially in old age patients, can be difficult when symptoms of different 

disorders overlap. Cognitive symptoms like the decline of memory or concentration can be symptoms 

of prodromal AD [23] but also of a depressive episode [24]. This complicated relation between AD and 

depression highlights the need for diagnostic and differential diagnostic measures in the field of 

cognitive decline in old age. These diagnostics are still not easily accessible to the broad public, although 

there is a wide-spread willingness to be tested for risk factors for dementia [12]. The research criteria-

based gold standard for the diagnosis and differential diagnosis of AD is high in cost and effort and 

usually only available in specialized memory clinics. However, even in these specialized centers, 

gaining evidence for the AD hallmarks amyloid and tau can be difficult for various reasons, such as 

technical challenges [41].  

Therefore, novel diagnostic approaches are needed to find evidence speaking for or against a developing 

or manifest AD. We found that detailed questions on a perceived decline in different cognitive domains 

and the presence or absence of the SCD-plus features were related to AD biomarkers in cognitively 
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normal participants of the DELCODE study. Combining information on perceived decline in multiple 

cognitive domains and SCD-plus features is useful for predicting underlying AD pathological change. 

Besides, we found that depending on the level of depressive symptoms, traditionally used tests like the 

MMSE, and the CDT have less power than other tests such as the TMT-B test in discriminating between 

patients with and without AD-typical CSF pathology. Therefore, for patients with suspected or clinically 

manifest depression, we recommend focusing on tests that assess executive function rather than the 

MMSE, CDT, or verbal memory tests for higher diagnostic differentiation. Doing so can help guide 

clinicians in their decision of whether further diagnostic measures are warranted. However, apart from 

the timely and costly effort to conduct a neuropsychological testing battery beyond short tests like the 

MMSE, the testing procedure itself can be stressful for some patients [108] and thus might not represent 

the actual cognitive status.  

Therefore, an approach based on blood-borne markers, as we showed in our findings, may lead the way 

to a widely available, less expensive, and minimally invasive diagnostic approach in the clinical workup 

of AD. A blood-based biomarker approach would be well suited as a first step in a diagnostic regimen 

starting at general practitioners without specialization in the early and differential diagnosis of dementia. 

Our data may prove useful to improve identifying persons with an increased risk of underlying AD in 

the community who then can be sent to specialized memory clinics for further diagnostic workup, if 

possible.  

However, even in specialized centers, there might be reasons preventing a comprehensive diagnostic 

examination since lumbar punctures or PET and genetic data assessment are expensive and a great effort. 

With this work, we show novel alternative approaches to the established gold standard. They 

demonstrate an easily accessible and economical way to gain enough evidence to consider or rule out a 

neurodegenerative process in patients with mild or no objectifiable impairment while at the same time 

considering depressive symptoms. Future research will be needed to examine which combinations of 

these described alternatives to CSF, PET, and genetic data may be the most promising approach.  
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bCharité – Universitätsmedizin Berlin, Experimental and Clinical Research Center, Berlin, Germany
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Abstract.

Background: Depressive symptoms often co-occur with Alzheimer’s disease (AD) and can impact neuropsychological test

results. In early stages of AD, disentangling cognitive impairments due to depression from those due to neurodegeneration

often poses a challenge.

Objective: We aimed to identify neuropsychological tests able to detect AD-typical pathology while taking into account

varying degrees of depressive symptoms.

Methods: A battery of neuropsychological tests (CERAD-NP) and the Geriatric Depression Scale (GDS) were assessed, and

cerebrospinal fluid (CSF) biomarkers were obtained. After stratifying patients into CSF positive or negative and into low,

moderate, or high GDS score groups, sensitivity and specificity and area under the curve (AUC) were calculated for each

subtest.

Results: 497 participants were included in the analyses. In patients with low GDS scores (≤10), the highest AUC (0.72)

was achieved by Mini-Mental State Examination, followed by Constructional Praxis Recall and Wordlist Total Recall

(AUC = 0.714, both). In patients with moderate (11–20) and high (≥21) GDS scores, Trail Making Test-B (TMT-B) revealed

the highest AUCs with 0.77 and 0.82, respectively.

Conclusion: Neuropsychological tests showing AD-typical pathology in participants with low GDS scores are in-line with

previous results. In patients with higher GDS scores, TMT-B showed the best discrimination. This indicates the need to focus

on executive function rather than on memory task results in depressed patients to explore a risk for AD.

Keywords: Alzheimer’s disease, cerebrospinal fluid, depression, executive function, memory, neuropsychology
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INTRODUCTION

Cognitive impairments in old age may occur as

the core symptoms of early dementia due to Alzhei-

mer’s disease (AD) [1], or they may accompany an

episode of major depression (MDE) [2]. Currently,

various hypotheses aiming to clarify the interrelation
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between depression and AD exist. For example, hav-

ing a history of depression has been found to increase

one’s risk of developing AD [3]. Depression in old

age has also been suggested to represent a prodromal

stage of AD rather than a risk factor for AD [1, 4, 5].

In clinical practice with geriatric patients, depressive

symptoms and cognitive impairments often co-occur

[6]. This makes it difficult to differentiate whether

cognitive impairments are caused by depression or

whether they manifest as part of a syndrome caused

by AD.

There are various methods available to obtain evi-

dence for an underlying AD pathology in cognitively

impaired patients, the more biomarkers and further

clinical information are available to be combined,

the more accurate the diagnosis [7]. Different kinds

of biomarkers help to identify the neuropathologi-

cal substrates and etiology of cognitive impairments.

An important source of information in the diagnosis

of AD are brain magnetic resonance imaging (MRI)

scans [8]. However, MRI scans can be contraindi-

cated due to pacemakers or other electrical implants,

anxiety, or economic reasons.

The quantification of total-Tau (t-Tau) and amy-

loid-� 1-42 (A�42) proteins in the cerebrospinal fluid

(CSF) have been established to detect early AD-

typical pathology with high sensitivity and specificity

[9]. Specialized memory clinics may recommend the

quantification of CSF biomarkers in late-life depres-

sion to help determine whether an underlying AD

pathology exists [10]. However, lumbar punctures for

obtaining CSF might be perceived as highly invasive

by some patients. Furthermore, processing and ana-

lyzing CSF is highly demanding and alterations in

sample processing can lead to varying results [11].

Lastly, lumbar punctures might be contraindicated in

some patients taking anticoagulants or suffering from

conditions like scoliosis.

Neuropsychological assessments together with

clinical information is the basis to determine dif-

ferent stages of cognitive decline [12, 13]. Ideally,

as much additional diagnostic evidence as possible

should be used to accurately diagnose AD [7]. How-

ever, for different reasons mentioned earlier, some

methods might not be available. Thus, identifying

easy to conduct, sensitive, and valid neuropsycho-

logical tests can add to a more accurate diagnosis of

underlying AD pathology.

Previous studies have aimed to identify neuropsy-

chological tests able to differentiate between early

AD and late-onset depression. There is evidence that

the meaningfulness of psychological test results can

differ depending on the affective state of patients [14,

15], which should be considered when interpreting

test results. A frequently cited test helpful in dis-

tinguishing cognitive impairments due to depression

from those due to AD is the Clock Drawing Test (CDT

[16]), although contradictory findings exist regard-

ing the extent to which the CDT is able to fulfill

this task [17, 18]. When examining episodic mem-

ory function, both patients with early AD and MDE

show a below-average performance on immediate

and delayed recall tests. However, depressed patients

retain the learned information better than early AD

patients, as measured by recognition tasks [19].

Moreover, there is evidence that depression in AD

patients additionally impairs performance in execu-

tive function tasks as measured by the Trail Making

Test Part B (TMT-B) compared to AD patients with-

out depression [20].

Many publications address the differences in

cognitive domains between depression and AD. How-

ever, depression is not black or white, but rather

there are varying stages in affective mood between

clinically depressed and non-depressed. Taking these

considerations into account, we aimed to examine the

effect of varying numbers of depressive symptoms

when interpreting neuropsychological results. In our

approach, we wanted to examine the value of different

neuropsychological tests to detect AD-typical pathol-

ogy in old age CSF classified patients. We hypoth-

esized that depending on the number of depressive

symptoms patients present, neuropsychological tests

would vary in their ability to differentiate between

patients with and without AD-typical changes in CSF.

METHODS

Participants

The sample consisted of memory clinic patients

presenting with subjective cognitive impairment

between 2007 and 2018. Routine clinical practice

comprised of a medical case history assessment, psy-

chopathological examination, comprehensive neu-

ropsychological testing, cranial imaging, and a

lumbar puncture to assess CSF biomarkers (A�40,

A�42, and t-Tau). DSM-IV/-V diagnosis for each

patient was reached by a consensus panel. The study

was conducted in accordance with the Declaration of

Helsinki. Ethical vote was obtained from the Ethics

Committee of the Charité Universitätsmedizin Berlin,

vote number EA4/057/20.
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Neuropsychological tests and clinical scales

We assessed cognitive performance with the Con-

sortium to establish a registry for Alzheimer’s dis-

ease neuropsychological test battery (CERAD-NP).

CERAD-NP is a standardized instrument used in rou-

tine clinical practice to assess and stage AD-typical

cognitive impairments [13].

Specifically, the CERAD-NP consists of the Mini-

Mental State Examination (MMSE) [21], phonemic

fluency, and visual naming (Boston Naming Test

[22]), tests for constructional praxis and construc-

tional praxis delayed recall and verbal memory tasks.

Furthermore, tests to measure processing speed and

executive function, namely the Trail Making Test A

(TMT-A) and the TMT-B [23], as well as the CDT

[16] were performed. Results on each CERAD-NP-

subscale are z-standardized, taking gender, age, and

years of education into account.

Depressive symptoms were assessed with the orig-

inal 30-item version of the Geriatric Depression Scale

(GDS; yes/no dichotomous scale, range 0–30, scores

proportional to depressive symptoms) [24]. The GDS

is a self-administered questionnaire shown to be a

valid instrument to help identify late-life depression

[25]. A cut-off score of ≥11 can be seen as a possible

indicator of depression, as it has been shown to have a

sensitivity of 84% and a specificity of 95% for accu-

rately detecting late-life depression [26]. According

to our clinical experience, GDS scores of 21 or higher

are highly indicative of clinical depression. For these

reasons, we decided to divide patients into one of

three GDS subgroups, namely patients with a GDS-

score ≤10 (low GDS), 11–20 (moderate GDS), and

≥21 (high GDS).

Cerebrospinal fluid

CSF was collected and analyzed according to a

standardized protocol described in detail elsewhere

[27]. As it is known that differing and analytical

procedures and lot-to-lot variation of analytical kits

can strongly influence CSF biomarkers [28], we

established the following CSF biomarker cut-offs as

indicative of AD-typical pathology in our memory

clinic: A�42 ≤ 600 pg/ml (sensitivity 0.82, specificity

0.80) or ratio A�42/A�40 ≤ 0.065 (sensitivity 0.80,

specificity 0.75), added by t-Tau ≥ 350 pg/ml (sensi-

tivity 0.74, specificity 0.78).

Following the NIA-AA research framework

[29], we defined CSF positive patients showing

both amyloid-pathology (A+) and neurodegeneration

(N+). For the analyses presented here, we defined

patients as having AD-typical pathology (i.e.,

CSF-positive) when t-Tau ≥350 pg/ml and A�42

≤ 600 pg/ml. In CSF negative patients, the cut-offs

were t-Tau < 350 pg/ml and A�42 > 600 pg/ml, corre-

sponding to A- and N-.

Inclusion and exclusion criteria

We included patients that underwent a com-

plete diagnostic assessment in our memory clinic as

described above and who had an MMSE score of 24

or higher with the aim to identify patients with mild

or no objective cognitive deficits.

We excluded patients that did not fulfill our estab-

lished CSF positive or CSF negative criteria. No

further exclusion criteria (e.g., diagnosis or medica-

tion) were defined in order to better reflect a cohort

of patients clinicians face in their everyday work.

Statistical analyses

Data were analyzed using the statistical software

“R”, version 3.2.4. The authors were blind to patients’

diagnosis.

After dividing patients into CSF positive and CSF

negative, a single value classification was perfor-

med. We calculated receiver operating characteris-

tic (ROC) curves for all neuropsychological tests by

calculating the sensitivity and specificity for each

value of the neuropsychological test results. The per-

formance of the classification was assessed using

the area under the curve (AUC). The AUC typically

ranges between 0.5 and 1, with an AUC of 1 indicating

perfect discrimination and an AUC of 0.5 reflect-

ing a random classification. Confidence intervals and

p-values to compare ROC curves were calculated

according to the Delong algorithm.

For further analyses, we formed the cognitive

domains Recall (Wordlist Recall, Constructional

Praxis Savings, Discriminability) and Executive

Function (Semantic Fluency, Trail Making Test A and

B) and calculated AUC values as described above.

To investigate the relation between classification

performance and depressive symptoms, we per-

formed a series of single value classifications for

patients with increasing GDS scores. For a given GDS

score, we selected all patients with a score of ±10 and

performed the single value classification as described

above.

For the descriptive statistics, Student’s t-tests

or when appropriate non-parametric Wilcoxon
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Table 1

Demographics, clinical scale scores and CSF data of CSF-

negatives and -positives

CSF- CSF- p

positive negative

190 307

Female sex (%) 53 44 0.15

Years of education 13.4 ± 3.0 13.6 ± 2.9 0.61

Age 68.0 ± 9.0 69.8 ± 9.9 0.61

t-Tau (pg/ml) 549 ± 284 228 ± 65 <0.001

A�42 (pg/ml) 391 ± 115 1054 ± 339 <0.001

Ratio t-Tau/A�42 1.52 ± 0.96 0.24 ± 0.10 <0.001

MMSE 26.4 ± 1.7 27.7 ± 1.6 <0.001

Mean GDS subgroup

0–10 (n = 214)

5.8 ± 2.7 6.0 ± 2.9 0.8

Mean GDS subgroup

11–20 (n = 197)

14.7 ± 2.8 14.9 ± 2.9 1.0

Mean GDS subgroup

21–30 (n = 86)

23.7 ± 2.6 24.1 ± 2.6 1.0

two-sample tests were used to investigate differences

between group means on continuous variables.

RESULTS

Patient selection

A total of 2,101 patients underwent a complete

diagnostic assessment at our memory clinic between

2007 and 2018. A total of 1,414 patients with an

MMSE score of < 24 were excluded from further

analyses.

Patient characteristics

Of the remaining 687 patients, 190 had CSF

biomarker results that did not fulfill criteria for either

being CSF positive (A + and N+) or CSF negative

(A- and N-) and were excluded from further analy-

ses. Of the remaining 497 patients, 307 were defined

as being CSF negative and 190 as CSF positive.

Table 1 provides information on patients’ demo-

graphics, MMSE, GDS, and CSF data.

The 190 CSF positive patients performed signif-

icantly worse in all CERAD-NP subtests than CSF

negative patients. CSF positive patients scored lower

than –1.5 SD below the mean in Constructional Praxis

Recall (–1.8 ± 1.3), World List Trial 3 (–1.7 ± 1.5),

Wordlist Recall (–1.7 ± 1.4), and Wordlist Total

(–1.8 ± 1.5) tests. CSF negative patients yielded

z-scores ≥–1.5 SD in all CERAD-NP subtests, indi-

cating normative cognitive performance. Table 2

shows the complete list of neuropsychological test

performance by CSF group.

Table 2

Neuropsychological test performance

CSF-positive CSF-negative p

BNT –0.1 ± 1.3 0.2 ± 1.2 <0.001

CDT 2.2 ± 1.0 1.6 ± 0.9 <0.001

CP –0.2 ± 1.3 0.1 ± 1.2 <0.05

CPR –1.8 ± 1.3 –0.4 ± 1.6 <0.001

CPS –1.5 ± 1.3 –0.4 ± 1.2 <0.001

MMSE 26.4 ± 1.7 27.7 ± 1.6 <0.001

SF –0.9 ± 1.1 –0.4 ± 1.3 <0.001

TMT-A –0.8 ± 1.3 0 ± 1.4 <0.001

TMT-B –1.2 ± 1.3 0 ± 1.7 <0.001

TMT-B/A –0.6 ± 1.1 –0.1 ± 1.3 <0.001

WL discr –1.3 ± 1.4 –0.5 ± 1.4 <0.001

WL I –0.8 ± 1.3 –0.2 ± 1.1 <0.001

WL R –1.7 ± 1.4 –0.6 ± 1.2 <0.001

WL S –1.4 ± 2.2 –0.4 ± 1.8 <0.001

WL total –1.8 ± 1.5 –0.7 ± 1.4 <0.001

WL1 –1.2 ± 1.2 –0.5 ± 1.2 <0.001

WL2 –1.4 ± 1.3 –0.6 ± 1.3 <0.001

WL3 –1.7 ± 1.5 –0.6 ± 1.4 <0.001

MMSE and CDT mean raw scores as well as CERAD-NP mean z-

standardized scores in the groups of CSF-positives and -negatives

(sorted alphabetically). BNT, Boston Naming Test; CDT, Clock

Drawing Test. CP: Constructional Praxis; CPR, Constructional

Praxis Recall; CPS, Constructional Praxis Savings; MMSE, Mini-

Mental Status Examination; SF, Semantic Fluency; TMT-A, Trail-

Making Test A; TMT-B, Trail-Making Test B; TMT-B/A, Ratio

of TMT B/A; WL discr, Wordlist Discrimination; WL I, Wordlist

Intrusions; WL R, Wordlist Delayed Recall; WL S, Wordlist Sav-

ings; WL total, Wordlist Total of immediately recalled words;

WL 1, Wordlist 1st trial; WL 2, Wordlist 2nd trial; WL 3, Wordlist

3rd trial. All group differences showed significance.

Patient characteristics by GDS subgroup

In patients with low GDS scores (≤10, n = 214),

102 were CSF positive (47%). In those with mod-

erate GDS scores (11–20, n = 197), 73 were CSF

positive (37%), and in those with high GDS scores

(≥21, n = 86), 15 were CSF positive (17%).

Discrimination accuracy of neuropsychological

tests between CSF groups and GDS

subgroups

In patients with GDS scores ≤10, the neuropsy-

chological tests with the highest specificity and

sensitivity in differentiating between CSF positive

and CSF negative were the MMSE (AUC = 0.72),

Constructional Praxis Recall (0.71), and Wordlist

Total (0.71). In patients with GDS scores between

11–20, the Trail Making Test-B (0.77), Wordlist

Discriminability (0.75), and Wordlist Recall (0.75)

showed the highest specificity and sensitivity. The

neuropsychological tests with the highest specificity

and sensitivity to differentiate between CSF groups
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Table 3

AUC of neuropsychological tests

AUC all AUC GDS ≤10 AUC GDS 11–20 AUC GDS 21–30

WL R 0.737 (305/182) [0.69,0.784] 0.706 (112/99) [0.634,0.777] 0.752 (122/69) [0.678,0.826] 0.783 (71/14) [0.659,0.906]

CPR 0.732 (307/190) [0.687,0.778] 0.714 (112/102) [0.644,0.783] 0.733 (124/73) [0.662,0.804] 0.776 (71/15) [0.639,0.912]

CPS 0.728 (306/189) [0.681,0.775] 0.706 (111/102) [0.635,0.777] 0.738 (124/72) [0.666,0.81] 0.733 (71/15) [0.573,0.893]

WL total 0.719 (307/190) [0.673,0.765] 0.714 (112/102) [0.645,0.783] 0.723 (124/73) [0.648,0.798] 0.735 (71/15) [0.587,0.884]

WL 3 0.719 (307/190) [0.672,0.766] 0.705 (112/102) [0.635,0.775] 0.737 (124/73) [0.662,0.811] 0.721 (71/15) [0.565,0.876]

MMSE 0.713 (307/190) [0.667,0.758] 0.72 (112/102) [0.653,0.788] 0.68 (124/73) [0.603,0.756] 0.761 (71/15) [0.634,0.887]

TMT-B 0.708 (307/190) [0.663,0.754] 0.643 (112/102) [0.569,0.717] 0.766 (124/73) [0.7,0.831] 0.816 (71/15) [0.704,0.928]

WL 2 0.68 (307/190) [0.632,0.728] 0.667 (112/102) [0.596,0.739] 0.68 (124/73) [0.601,0.759] 0.751 (71/15) [0.603,0.898]

WL discr 0.677 (307/190) [0.629,0.726] 0.645 (112/102) [0.571,0.72] 0.753 (124/73) [0.684,0.823] 0.592 (71/15) [0.447,0.738]

WL 1 0.673 (307/190) [0.625,0.721] 0.678 (112/102) [0.607,0.749] 0.668 (124/73) [0.589,0.747] 0.671 (71/15) [0.508,0.834]

WL sav 0.669 (304/182) [0.616,0.721] 0.638 (111/99) [0.561,0.715] 0.683 (122/69) [0.597,0.768] 0.752 (71/14) [0.62,0.883]

CDT 0.664 (307/190) [0.618,0.71] 0.633 (112/102) [0.563,0.703] 0.665 (124/73) [0.59,0.739] 0.786 (71/15) [0.67,0.902]

TMT-A 0.639 (307/190) [0.589,0.688] 0.634 (112/102) [0.56,0.708] 0.702 (124/73) [0.628,0.776] 0.619 (71/15) [0.434,0.804]

TMT-B/A 0.63 (307/190) [0.581,0.68] 0.552 (112/102) [0.475,0.63] 0.657 (124/73) [0.581,0.734] 0.762 (71/15) [0.626,0.897]

WL I 0.626 (307/190) [0.574,0.678] 0.627 (112/102) [0.552,0.703] 0.635 (124/73) [0.55,0.719] 0.521 (71/15) [0.352,0.69]

SF 0.622 (302/189) [0.572,0.672] 0.618 (112/101) [0.542,0.694] 0.623 (120/73) [0.544,0.701] 0.641 (70/15) [0.463,0.82]

BNT 0.592 (307/190) [0.54,0.644] 0.553 (112/102) [0.475,0.632] 0.6 (124/73) [0.519,0.682] 0.752 (71/15) [0.608,0.895]

CP 0.556 (307/189) [0.502,0.61] 0.521 (112/102) [0.442,0.6] 0.581 (124/72) [0.493,0.668] 0.581 (71/15) [0.371,0.79]

Area under the curve (AUC) as well as number of subjects (CSF negative/positive) and [confidence interval] of each neuropsychological

test in respective GDS score groups and irrespective of GDS score. WL 1, Wordlist 1st trial; CPR, Constructional Praxis Recall; CPS,

Constructional Praxis Savings; WL 3, Wordlist 3rd trial; WL R, Wordlist Delayed Recall; MMSE, Mini-Mental Status Examination; TMT-

A, Trail-Making Test A; WL I, Wordlist Intrusions; WL S, Wordlist Savings; WL discr, Wordlist Discrimination; WL 2, Wordlist 2nd trial;

CDT, Clock Drawing Test; SF, Semantic Fluency; TMT-B, Trail-Making Test B; WL total, Wordlist Total of immediately recalled words;

TMT-B/A, Ratio of TMT B/A; BNT, Boston Naming Test; CP, Constructional Praxis.

Fig. 1. AUC of selected neuropsychological tests with increas-

ing GDS. TMT-B, Trail-Making Test B; CDT, Clock Drawing

Test; BNT, Boston Naming Test; CPS, Constructional Praxis Sav-

ings; WL R, Wordlist Delayed Recall; MMSE, Mini-Mental Status

Examination.

with GDS scores between 21–30 were the Trail Mak-

ing Test-B (0.82), CDT (0.79), and Wordlist Recall

(0.78) tests. An overview of AUC values for all neu-

ropsychological tests by GDS subgroup is presented

in Table 3.

When analyzing the discriminatory power

throughout GDS scores (0–30), we find a rise in

the AUC values of several neuropsychological tests

with increasing GDS scores. In Fig. 1, we present

six CERAD-NP subtests we selected because of

their significant rise in AUC with increasing GDS

values. In particular, the TMT-B and especially the

Boston Naming Test (BNT) test exhibit a marked

rise in AUC values with higher GDS scores. There

are significant differences when comparing AUCs of

the TMT-B (AUC: 0.64 versus 0.82, p < 0.02) and

the BNT (AUC: 0.55 versus 0.75, p < 0.02) between

the two groups with low (≤10) and high (≥21) GDS

scores.

No significant differences can be found when com-

paring the cognitive domains Recall (AUC: 0.71

versus 0.76, p = 0.52) and Executive Function (AUC:

0.65 versus 0.75, p = 0.23) between high and low

GDS score groups (Supplementary Table 1).

DISCUSSION

Cognitive impairments in old age have numerous

causes. Better understanding the etiology of cognitive

decline is a prerequisite for appropriate treatment.

Here, we explored the sensitivity and specificity of

different neuropsychological tests to identify cogni-

tive impairments typical of AD pathology in the pres-

ence of varying degrees of depressive symptoms in

patients verified for AD-typical CSF biomarkers. Our
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findings support our hypothesis that depending on the

number of depressive symptoms, neuropsychological

tests will vary in their ability to differentiate between

subjects with and without AD-typical changes in

CSF. We found that in subjects with a moderate

to high number of depressive symptoms, assessing

executive function with the TMT-B has the high-

est power to discriminate between CSF-positive and

CSF-negative patients. Furthermore, we observed

an increasing discriminatory power of several

CERAD-NP subtests over the course of rising GDS

scores.

Upon closer examination of different neuropsy-

chological subtests and their ability to discriminate

between CSF-positive and negative subjects, the

CDT showed to be a valuable instrument in patients

with high GDS scores between 21–30. However,

differentiation accuracy was lower in patients with

lower GDS scores. Although the CDT is largely

used to assess AD-typical cognitive impairments

and has shown acceptable sensitivity and specificity

in patients with depression [17], its clinical value

remains controversial. It has also been shown that

the CDT lacks sensitivity in mildly impaired patients

[18] and is not well suited to differentiate between

AD patients and patients suffering from other types

of dementia [30].

The MMSE is known to have limitations in detect-

ing cognitive impairments in early AD [31], which

appears to be mainly due to its ceiling and floor effects

and due to the marked impact of age and education

on test results [32]. Interestingly, our results showed

that the MMSE had the highest power (AUC = 0.72)

in distinguishing between CSF positive and CSF neg-

ative patients in the low GDS subgroup. This is most

likely due to the broad range of cognitive domains

that are covered by the MMSE. However, it seems

that in patients with higher GDS scores, other tests

outperform the MMSE.

The TMT-B test was best at differentiating between

CSF positive and negative patients with moderate

to high GDS scores (11–30). The TMT-B assesses,

among others, executive function, which has been

shown to be impaired not only in mild AD [33] but

also in earlier stages of AD (i.e., MCI due to AD)

[34] and there is evidence the TMT-B may help dis-

tinguish between cognitively healthy controls, AD,

and depressed patients [35, 36]. Our results are in-

line with these previous findings. Hence, we can

confirm the value of testing patients’ executive func-

tion to establish a differential neuropsychological

diagnosis.

Interestingly, with increasing GDS scores, we

observed a broad rise in the AUC values of a few

CERAD-NP subtests. It has been shown before that

comorbid depression influences AD patients’ test per-

formance in the TMT-B [20]. In our data, higher

depressive symptoms in CSF positive patients seem

to more strongly influence test performance than in

CSF negative patients. Since being at risk for AD as

defined by CSF-typical biomarker changes typically

leads to a significant difference in test performance

compared to CSF negative patients [37], a concur-

rent high number of depressive symptoms might lead

to an even more pronounced difference in test perfor-

mance. This can be seen as a “double hit”, resulting in

the higher power of a few neuropsychological tests

to differentiate between the two CSF groups. This

might also explain the difference between the AUCs

of the TMT-A and TMT-B tests. The higher cogni-

tive demand of the TMT-B compared to the TMT-A

test might lead to worse performance in CSF patients

with higher GDS scores compared to CSF negative

patients.

Our findings stress the differential diagnostic value

of specific neuropsychological test results of old

age patients presenting with depressive symptoms.

Indeed, depending on the level of depressive symp-

toms, traditionally used tests like the MMSE and

the CDT showed less power than other tests such as

the TMT-B test in discriminating between patients

with and without AD-typical CSF pathology. There-

fore, for patients presenting to a memory clinic

with suspected or clinically manifest depression, we

recommend focusing on tests that assess executive

function rather than the MMSE, CDT, or verbal

memory tests for higher diagnostic differentiation.

Doing so can help guide clinicians in their deci-

sion of whether further diagnostic measures are

warranted.

We consider the high number of patients with

available CSF data a strength of this analysis. To

the best of our knowledge, we are not aware of

any published data of monocentric databases with a

similar amount of CSF data available. Furthermore,

using patients’ CSF data and neuropsychological test

results rather than their diagnosis reduces the risk

of being biased by their clinical diagnosis when

interpreting our findings. Moreover, few publica-

tions regarding neuropsychological test performance

in early AD patients with moderate or high depres-

sive symptoms are available, as mood disorders are

often exclusion criteria in studies on neurodegenera-

tive disorders.
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The cross-sectional nature of the study may be

seen as a limitation. Since no follow-up examina-

tions were conducted, it remains unclear whether

the observed CSF abnormalities resulted in neu-

ropsychological and GDS score changes or whether

these changes were present before CSF abnormali-

ties. Furthermore, no phosphorylated tau (p-Tau) data

was available, which together with A� defines AD

according to the NIA-AA research framework [29].

Moreover, since the GDS is a self-reported mea-

sure, scores might not accurately reflect the severity

of depressive symptoms as would be obtained by a

trained clinician. This may have under- or overes-

timated the actual degree of depressive symptoms

in some patients, which might additionally be influ-

enced by antidepressant or anxiolytic medication.

Lastly, the unequal GDS subgroups and CSF group

sizes limit statistical power, thus results presented

here must be interpreted with caution. These differ-

ences are noticeable especially in the ratio of CSF

positive versus negative subjects in the group of GDS

scores ≥21. This is likely due to the fact that the

majority of our patients presenting with memory con-

cerns who have high GDS scores suffer only from

depression and less likely from an additional under-

lying neurodegenerative process. Furthermore, we

suspect that patients with high GDS scores who at

the same time suffer from a neurodegenerative dis-

ease would be more severely impaired and thus have

an MMSE score below 24, which we excluded in this

study.

Our results support previous studies identifying

neuropsychological tests that more accurately dif-

ferentiate between patients with MCI, mild AD,

or MDE. However, especially in mildly cognitively

impaired individuals, differentiation based on neu-

ropsychological tests alone is difficult [38, 39]. Our

findings strengthen existing results regarding which

neuropsychological tests used in clinical routine prac-

tice are best at differentiating between CSF positive

and CSF negative patients while considering varying

degrees of depressive symptoms.
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Abstract

Background: Subjective cognitive decline (SCD) has been proposed as a pre-MCI at-risk condition of Alzheimer’s
disease (AD). Current research is focusing on a refined assessment of specific SCD features associated with increased
risk for AD, as proposed in the SCD-plus criteria. We developed a structured interview (SCD-I) for the assessment of
these features and tested their relationship with AD biomarkers.

Methods: We analyzed data of 205 cognitively normal participants of the DELCODE study (mean age = 68.9 years; 52%
female) with available CSF AD biomarkers (Aß-42, p-Tau181, Aß-42/Tau ratio, total Tau). For each of five cognitive
domains (including memory, language, attention, planning, others), a study physician asked participants about the
following SCD-plus features: the presence of subjective decline, associated worries, onset of SCD, feeling of worse
performance than others of the same age group, and informant confirmation. We compared AD biomarkers of
subjects endorsing each of these questions with those who did not, controlling for age. SCD was also quantified by
two summary scores: the number of fulfilled SCD-plus features, and the number of domains with experienced decline.
Covariate-adjusted linear regression analyses were used to test whether these SCD scores predicted abnormality in AD
biomarkers.

Results: Lower Aß-42 levels were associated with a reported decline in memory and language abilities, and with the
following SCD-plus features: onset of subjective decline within 5 years, confirmation of cognitive decline by an informant,
and decline-related worries. Furthermore, both quantitative SCD scores were associated with lower Aß42 and lower
Aß42/Tau ratio, but not with total Tau or p-Tau181.

(Continued on next page)
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(Continued from previous page)

Conclusions: Findings support the usefulness of a criterion-based interview approach to assess and quantify SCD in
the context of AD and validate the current SCD-plus features as predictors of AD pathology. While some features seem
to be more closely associated with AD biomarkers than others, aggregated scores over several SCD-plus features or
SCD domains may be the best predictors of AD pathology.

Keywords: Preclinical Alzheimer’s disease (AD), Subjective cognitive decline (SCD), Cerebrospinal fluid (CSF), Aß42,
Preclinical AD, CSF biomarkers

Background

Subjective cognitive decline (SCD), the subjective experi-

ence of worsening cognitive performance among cogni-

tively normal older individuals, can indicate an at-risk

stage of Alzheimer’s disease (AD) [1, 2]. Several studies,

using a variety of assessments, found SCD to predict ob-

jective cognitive decline [3, 4], incident mild cognitive

impairment (MCI) [5] and incident AD dementia [5, 6].

Furthermore, in several cross-sectional studies, cogni-

tive complaints were found to correlate with biomarkers

of early AD pathology such as amyloid-ß (Aß). For ex-

ample, Amariglio and colleagues [7] found an associ-

ation of Aß deposition in the brain and a memory

complaint composite score in cognitively normal older

adults. Higher baseline memory complaint scores in par-

ticipants screened positive for Aß were also found to

predict faster cognitive decline [8].

These and other studies have established that some

form of SCD can be a clinical indicator of early AD (stage

2, according to the NIA-AA research framework [9]).

Based on the evidence accrued until 2014, a group of

researchers forming the SCD-Initiative proposed the

“SCD-plus criteria” as an enrichment strategy for the

likelihood of preclinical AD in individuals with SCD [9],

comprising (a) Subjective decline in memory rather than

other domains, (b) onset of SCD within the last 5 years,

(c) age of onset ≥ 60 years, (d) particular concerns associ-

ated with SCD, (e) the feeling of worse performance than

others of the same age group, (f ) confirmation of per-

ceived cognitive decline by an informant, and (g) the

presence of the APOE e4 genotype.

These criteria were not meant to be final but were con-

sidered to be in need of further refinement and validation

in research studies. For example, recent studies suggest

that consistency of complaints over time may be another

feature associated with the presence of AD risk [6].

Current assessments differ widely regarding administra-

tion (interview with a physician versus questionnaire),

content, number of items, and scaling, leading to a large

variety of methods [10, 11]. While some SCD studies used

single questionnaire items [12] or items from different

SCD questionnaires [13–15], others were using one out of

many questionnaires [7, 11] or even composites derived

from several questionnaires (e.g., [16]). Psychometric ana-

lyses are ongoing to extract from existing data those single

SCD questions or features contributing most to the pre-

diction of AD [17].

One potential limitation of most current SCD assess-

ments is that they only refer to memory [11]. Subjective

memory concerns are highly prevalent in older adults

(e.g., around 53% in a large population-based sample

[18]) and may therefore be highly sensitive but of insuffi-

cient specificity regarding the detection of preclinical

AD. Thus, current research suggests involving additional

cognitive domains in SCD assessment [2], e.g., subjective

complaints in executive function which have also been

associated with Aß deposition in cognitively normal in-

dividuals [7]. Irrespective of the cognitive domains, stud-

ies have also highlighted specific features of SCD which

are associated with AD biomarkers, objective cognitive

decline, or incident MCI. Perrotin and colleagues [19]

for example found an association between the compari-

son of memory function to peers with Aß deposition

using Pittsburgh compound B positron emission tomog-

raphy (PiB-PET) imaging.

Another feature replicated in several studies is the

presence of worries associated with the subjective wors-

ening in function.

A recent study on the validity of SCD-plus criteria in

cognitively unimpaired patients of the Amsterdam mem-

ory clinic [20] could not find significant relationships be-

tween amyloid biomarkers and any of the examined

subjective cognition features (“memory specific decline”,

“onset of complaints within 5 years”, “worse performance

than others of the same age”, and “informant reports de-

cline”). Amyloid was only predicted by higher age (> 60)

and ApoE4 in this study, in line with established know-

ledge [21]. Apart from sample size limitations in this

study, the apparent insensitivity of the subjective cognition

features in the SCD-plus criteria could have been due to

the relatively young age of the memory clinic subjects (64

years on average) and to the measurement of SCD with

two different questionnaires which were not designed to

fully capture the SCD-plus criteria.

Importantly, there is no straightforward, interview-

based assessment of SCD criteria, and a single validation
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study of SCD-plus features is still missing. In clinical set-

tings, structured interviews offer an advantage over

questionnaires as they rely on personal contact to the

patient, thus improving acceptance, and may allow an

informed clinical rating of participants’ complaints ac-

cording to diagnostic categories. They are an established

strategy for reducing information variance [22, 23].

In the present study, we aimed to provide further valid-

ation of the SCD-plus features while also testing the use-

fulness of an interview-based assessment for AD-related

SCD. We developed a new, semi-structured interview for

detailed SCD assessment (SCD-I) which includes assess-

ment of perceived decline in different cognitive domains

as well as the SCD-plus criteria mentioned above. We ex-

amined cognitive complaints as measured by the SCD-I in

a sample of cognitively normal older adults and tested for

associations of individual SCD features as well as compos-

ite scores derived from the interview with biomarkers of

AD pathology, respectively.

Methods

Study design

The DZNE-Longitudinal Cognitive Impairment and De-

mentia Study (DELCODE) is an observational longitudinal

memory clinic-based multicenter study in Germany with

the aim to improve characterization of the early, preclin-

ical stage of AD with a focus on SCD patients. The study

protocol was approved by Institutional Review Boards of

all participating study centers of the DZNE [24]. All pa-

tients provided written informed consent.

Participants

We included 205 participants (age M = 68.9; SD = 5.4)

from an interim data release of the DELCODE study.

Here, we analyzed only data from cognitively normal in-

dividuals. These included healthy controls (HC, n = 76)

who all had denied any worrisome subjective cognitive

impairment during an initial telephone screening for

study eligibility, first-degree relatives of patients with AD

dementia (AD relatives, n = 24), and memory clinic pa-

tients with unimpaired test performance but with a re-

port of worrisome subjective cognitive decline at the

initial screening (SCD patients, n = 105).

The diagnostic criteria for group definition and the

study protocol have been described in detail previously

[24]. The HC and the AD relatives group were both re-

cruited via local newspaper advertisement and con-

ducted a telephone interview to screen for suitability.

The SCD patient group was recruited via the memory

clinics of all participating DELCODE sites. These indi-

viduals sought diagnostic evaluation of subjectively expe-

rienced a decline in cognitive functioning. It was

required that they expressed concerns to the physician

of the memory clinic regarding their self-perceived cog-

nitive decline while their test performance was above −

1.5 SD of age-, sex-, and education-adjusted normal per-

formance on all subtests of the CERAD neuropsycho-

logical assessment battery. Subsequent to these different

screening procedures, subjects in all groups were en-

rolled into the DELCODE study and underwent a uni-

form baseline assessment including the semi-structured

SCD interview described below.

Subjective cognitive decline interview (SCD-I) and scoring

procedures

The SCD-I allows assessment of subjective cognitive de-

cline in five different cognitive domains (memory, lan-

guage, planning, attention, any other cognitive decline) and

comprises all five SCD-plus features which refer to sub-

jective experience [2]. All interviews were administered

face to face by trained study physicians and lasted ap-

proximately 5 min. The interview consists of 3 parts in-

cluding an open question at the beginning as well as a

structured part for the participant and the informant. In

this study, we are only focusing on the structured part.

The whole interview procedure is shown in Add-

itional file 1. For each domain, the physician asked the pa-

tient if he/she had noticed any worsening in function (e.g.,

“do you feel like your memory has become worse”). If the

participant answered this question with yes, the physician

added more in-depth questions about the domain to as-

sess the presence/absence of SCD-plus features, i.e., spe-

cific questions about associated worries (“Does this worry

you?”), onset (“How long ago did you start to notice the

decline?”), and the performance in comparison to peers

(“Compared to other people of your age, would you say

that your performance is worse?”). Furthermore, partici-

pants were asked whether they had talked to a physician

about their subjective cognitive decline (this information

was not analyzed in the present study as by design all

SCD subjects had been referred to a memory clinic). In

addition, a modified SCD-I was administered to a study

partner (usually a relative or spouse) of all participants,

asking for an observed decline in any of the same five do-

mains. Study partners were not asked the in-depth SCD-

plus questions but were also asked about whether they

had observed any behavioral changes in the participant

(this was not analyzed in the present study).

The quantification of response data allows derivation

of the total number of domains with a reported decline

as well as the total number of fulfilled SCD-plus fea-

tures. This scoring was executed as follows:

Number of fulfilled SCD-plus features: Reported as

number of fulfilled SCD-plus features ranging from 0 to 5

(decline in memory, onset within the last 5 years, worries

associated with a decline in a cognitive domain, feeling of
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worse performance than others of the same age group, con-

firmation of perceived cognitive decline by an informant).

Number of reported SCD domains: Sum of the number

of cognitive domains (memory, language, planning, at-

tention, others) in which the participant endorses a

worsening in function (maximum score = 5).

Neuropsychological and clinical assessment

The DELCODE test battery included an extensive neuro-

psychological and clinical assessment which covers tests

for global cognitive function and different cognitive do-

mains (described in detail previously [24]) as well as a

structured medical history and a standardized physical

examination [24]. Here, we focus on the assessment rele-

vant to the present study. The Mini-Mental State Examin-

ation (MMSE) is used to describe the global cognitive

function in all subgroups, and the 15-item short form of

the Geriatric Depression Scale (GDS) to measure and con-

trol for depressive symptomatology. In a previous memory

clinic study [25], we had found that questions on SCD

(different from those in the SCD-I) were associated with

CSF AD biomarkers, and this was still true after control-

ling for delayed recall memory performance (an estab-

lished, strong predictor of CSF AD biomarkers [26]). We

analyzed the present data in the same manner with the

ADAS delayed recall as covariate.

CSF AD biomarker measures

CSF samples were collected according to previously de-

scribed standard operating procedure [24] by using

commercially available kits according to vendor specifi-

cations (V-PLEX Aβ Peptide Panel 1 (6E10) Kit (Intra

Plate variance of 3.0 and inter plate variance of 8.8),

K15200E and V-PLEX Human Total Tau Kit (intra plate

variance of 4.5 and an inter plate variance of 17.1),

K151LAE (Mesoscale Diagnostics LLC, Rockville, USA),

and Innotest Phospho-Tau (181P) (intra plate variance of

1.7 and inter plate variance of 11.4), 81581, Fujirebio

Germany GmbH, Hannover, Germany).

We used the continuous variables of Aß-42 level, the

p-tau-181, and the total Tau level as outcomes. In

addition, we calculated a CSF amyloid/tau ratio score

(Aβ42/(240 + 1.18 × tau) which has been established as a

specific marker for AD [27]. We decided to use continu-

ous biomarker values (rather than categorical variables

based on cutoffs) in order to explore associations of SCD

within the complete spectrum of AD pathological change,

especially Aβ accumulation, in cognitively normal individ-

uals, i.e. without loss of information due to dichotomiza-

tion. This is supported by recent study results, which

showed that Aβ accumulation, in cognitively normal older

participants still classified as Aß-negative, was associated

with longitudinal changes in memory function [28].

Statistical analysis

All analyses were performed using SPSS Version 23.0

(IBM) for Windows. For descriptive statistics, we used x2

test for categorical and analyses of variance for continuous

variables as well as post hoc t tests or chi-square tests for

single contrasts. Group differences in CSF level were re-

ported as age-adjusted results based on ANCOVA. Linear

regression models were used to examine the relationship

between different SCD score and the CSF biomarker out-

come variables described above. We performed separate

analyses for the number of fulfilled SCD-plus features as

well as for the number of reported SCD domains. In step

1, we entered one of the SCD scores as a single predictor.

In a second step, we adjusted for age, sex, and education.

In order to gauge the “added benefit” of SCD questions

over and above memory testing, we controlled for objective

memory performance by using the world list delayed recall

score as a covariate. All cases with missing data in any vari-

ables were excluded. Since we included just participants

with CSF biomarkers, we tested whether our sample dif-

fered significantly from cognitively normal DELCODE par-

ticipants without biomarkers (n = 291). The samples did

not differ in terms of age (t(493) = − 1.84; p = .067), sex

(X2 = .441; p = .507), and education (t(491) = − .304;

p = .761) and neither regarding the number of fulfilled

SCD plus features (t(493) = − .288; p = .774) or the number

of reported SCD domains (t(493) = .969; p = .333).

Results

Sample descriptive statistics and group differences in

demographic, clinical, cognitive, and biomarker data

The 205 included participants (of whom 107 (52.2%) were

female) had a mean age of 69 years (SD = 5.4) and mean

education of 14.7 years (SD= 2.95). Demographic, neuro-

psychological, and clinical characteristics of the sample as

well as detailed group differences are shown in Table 1. HC,

AD relatives, and SCD patients did not differ with regard to

sex, education, MMSE, and word list delayed recall score,

although we note SCD patients and AD relatives had

slightly worse memory performance. AD relatives were

younger than SCD patients and HC, while SCD patients

had slightly higher scores in the GDS, which however where

in the normal range (GDS < 6) in most cases (97.3%).

The three groups differed significantly in the CSF-Aß42

level and the Aß42/Tau ratio (see Table 1) after adjusting

for age. The SCD group had a significantly lower Aß-42

concentration and a significantly lower Aß42/tau ratio rela-

tive to the HC group. There was no significant group dif-

ference in p-tau-181 level and in t-tau level (see Table 1).

Prevalence and group differences of SCD-plus features

and SCD domains

An overview of the prevalence and the group differences

in SCD-plus features is given in Table 2. Reported
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domains in the total sample are shown in Fig. 1. Out of

the 205 individuals, 76.1% reported a cognitive decline

in at least one domain, and among those experiencing a

decline, 72% also endorsed worries associated with the

decline. Most complaints were reported in the memory

(n = 129; 62.9%) and language domain (n = 127; 62%).

As expected, due to the inclusion criteria, the three

participant groups differed in the endorsement of decline

in SCD domains and SCD-plus features (see Table 2). Un-

surprisingly, most (93.3%) SCD patients reported a decline

in memory, but a sizeable proportion of the other partici-

pants also did, although less frequently (HC 26.3%; com-

parison with SCD, X2 = 87.26; p < .001; AD relatives 45.8%;

comparison with SCD X2 = 33.65; p < .001). The same pat-

tern was observed for experienced decline in language

abilities (SCD = 82.9%, HC = 36.8%, pairwise comparison

X2 = 40.29; p < .001; AD relatives = 50%, pairwise compari-

son to SCD X2 = 11.82; p < .001).

The number of domains with a reported decline differed

significantly across the groups (F(2,202) = 70.17, p < .001).

On average, the SCD group mentioned a decline in two

domains, while the number of impaired domains was 0.8

in the healthy control group (p (bonf. adj.) ≤ .001) and 1.5 in

the AD relatives’ group (p (bonf. adj.) ≤ .001).

Group differences also emerged regarding the reported

onset of decline in participants reporting any such decline.

Around 80% of SCD patients reported an onset of cogni-

tive worsening (in any domain) within the last 5 years. This

was significantly more often than in the HC group (44.5%;

X2 = 44.87; p < .001) and in the AD relatives (45.8%; X2 =

12.66; p < .001), who more often reported a more distant

onset of decline. There was no significant difference be-

tween HC and AD relatives (X2 = 1.63; p = .20).

The feeling of worse performance than others (in any

domain) was also most frequently reported in the SCD

group (29.5%) compared to healthy controls (1.3%)

(X2 = 24.10; p < .001) and relatives of AD patients (12.5%;

X2 = 2.92; p = .088). AD relatives also reported this

slightly more often than HC (X2 = 5.94; p = .042).

Interestingly, although all HC participants had negated

a worrisome cognitive decline during the initial telephone

screening, a worrisome decline (in any domain) was re-

ported by 14.5% of HC during the physician-led personal

interview. In AD-relatives, where the absence of

worrisome cognitive decline was not an exclusion criter-

ion, the prevalence was 29.2%. As expected because of the

inclusion criteria, SCD patients reported concerns much

more frequently (90.5%) compared to both at-risk groups

(SCD vs. HC: X2 = 104.58; p < .001; SCD vs. AD relatives:

X2 = 44.37; p < .001), which did not differ from each other.

The informant also reported (i.e., confirmed) a decline

in at least one domain for the majority (57.8%) of the

SCD patients who reported a decline by themselves in at

least one domain, while such a confirmation occurred

less often in the HC group (39.5%, X2 = 24.24; p < .001)

and in AD relatives (43.8%, X2 = 5.710; p < .05).

The number of fulfilled SCD-plus features differed highly

significantly between the three groups (F(2,202) = 99.807;

p < .001). Participants in the SCD group fulfilled more

SCD-plus features (M = 3.5) than participants in the HC

group (M = 0.93, p (bonf. adj.) ≤ .001) and in the AD relatives

(M= 1.63, p (bonf. adj.) ≤ .001), which also differed from each

other (p (bonf. adj.) ≤ .05).

Relationship between AD biomarkers and SCD plus

features and SCD domains

In the combined sample of all three groups, lower age-

adjusted CSF-Aß-42 levels were found in those fulfilling

the SCD-plus features of a decline in memory (F(1,
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Fig. 1 Frequency of domains reported with an experienced decline and associated worries, respectively
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202) = 7.65, p < .01, η
2
p = .036), onset within the last 5

years (F(1,202) = 6.07, p < .05, η
2
p = .029), and the con-

firmation by an informant (F(1,202) = 4.19, p < .05, η
2
p

= .032, Table 3). The association of lower CSF-Aß-42

with worries in any domain approached significance

(F(1,202) = 3.68, p = .056, η2p = .018).

Hierarchical linear regression analysis showed that the

number of fulfilled SCD-plus features was a significant

predictor of a reduced (more pathological) CSF-Aß-42

level (ß = − .225, p < .005) (Fig. 2) and of a reduced (more

pathological) CSF Aß-42/tau-ratio (ß = − .189, p < .01) in-

dependent of age, sex, and education. In contrast, the re-

lationship between the number of fulfilled SCD-plus

features and CSF total Tau (ß = − .055, p > .05) and p-

tau-181 (ß = − .077, p > .05) was not significant.

Using objective memory performance (word list de-

layed recall) as an additional covariate to control for

subtle group deficits in cognition, we found that the

SCD-plus score was still a significant predictor, explain-

ing more variance than objective memory performance

(as seen by the contribution to R2 in the prediction

model) in CSF-Aß42 and CSF Aß-42/tau ratio (Table 4).

We further observed that participants endorsing a de-

cline in memory or language had significantly lower age-

adjusted Aß-42 levels than those who did not report a

decline in these domains (Table 3). Interestingly, a re-

ported decline in the other domains (which occurred

less often than a reported decline in memory and lan-

guage) was not significantly associated with Aß-42.

The number of reported domains with experienced de-

cline was also a significant predictor of lower CSF-Aß42

level (ß = − .209, p < .01) and lower CSF Aß42/tau-ratio

(ß = − .146, p < .05) after including age, sex, education,

and the delayed recall score to the model. For CSF-p-

tau18 and total Tau, only age (total Tau ß = .260,

p < .001; p-tau: ß = .215, p < .01) and delayed recall score

Table 3 Associations between endorsement of SCD-plus features and SCD-I domains with CSF-Aß-42 level

N = 205 CSF-Aß-42 level (pg/ml) pa

M (SD) F η
2
p

SCD-plus features

Decline in memory Yes n = 129 720 − 316 7.65** .036 .006

No n = 76 849 − 293

Onset of SCD within the last 5 years Yes n = 120 722 − 312 6.07* .029 .015

No n = 85 833 − 306

Particular concerns/worries Yes n = 113 727 − 309 3.68 .018 .056

No n = 92 819 − 313

The feeling of worse performance than others Yes n = 35 695 − 308 2.488 .012 .116

No n = 170 783 − 313

Confirmation by an informant Yes n = 81 695 − 315 4.19* .032 .017

No n = 124 816 − 304

SCD-I domains

Decline in memory Yes n = 129 720 − 316 7.65** .036 .006

No n = 76 849 − 293

Decline in language Yes n = 127 727 − 312 5.18* .025 .024

No n = 78 835 − 306

Decline in attention Yes n = 62 738 − 349 .751 .004 .387

No n = 143 781 − 297

Decline in planning Yes n = 26 704 − 326 1.049 .005 .307

No n = 179 777 − 312

Decline in other Yes n = 48 716 − 302 1.65 .008 .201

No n = 156 780 − 313

M mean, SD standard deviation

*p < .05

**p < .01

***p < .001
aAdjusted for age for the SCD-I domains and for age and education for the SCD-plus features, η2p > .01 = small effect; η2p > .06 = average effect; η2p > .14 = large

effect (according to Cohen 1988)
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(total tau: ß = − .167, p < .05; p-tau: ß = − .151, p < .05)

were significant predictors (Table 4, Fig. 3).

Discussion

In the present study, we demonstrate the feasibility and

validity of a short semi-structured interview (SCD-I) de-

signed to capture important aspects of SCD in the con-

text of preclinical AD. In particular, the SCD-I captures

all current experiential SCD-plus criteria within a single

instrument. We here used the SCD-I to explore the

quantitative and qualitative diversity of subjective cogni-

tive decline in cognitively normal subjects at clinical or

familial risk for AD, and in cognitively normal controls

screened for the absence of either risk. We also estab-

lished the association of SCD-plus items and of two

quantitative SCD-I scores with CSF biomarkers.

Prevalence of SCD domains and SCD-plus features

Across all three groups of these cognitively normal older

adults, memory and language complaints were most fre-

quent while complaints in the domain planning were rela-

tively rare with only 10% of participants reporting them.

As expected, due to the inclusion criteria, almost all SCD

patients reported a decline in one or more cognitive do-

mains within the last years. However, two thirds of the

AD relatives and about half of the HC group also

endorsed at least some cognitive decline. The latter is in

line with community studies reporting prevalence rates

from 25 to 50% of memory complaints increasing with

age [29]. This indicates that SCD can be caused by other

non-AD etiologies including personality traits [30],

physiological aging, or the research setting [31], highlight-

ing the need to further investigate the features characteriz-

ing SCD in the context of preclinical AD.

A worrisome cognitive decline was reported by most of

the SCD subjects, again, an expected finding given that a

worrisome decline reported during the memory clinic

screening was required for inclusion. Interestingly, 29.2%

of the AD relatives and even 14.5% of the HC group re-

ported at least one worrisome cognitive decline during

the baseline SCD interview. The latter finding was con-

trary to our expectations since these “control” individ-

uals had negated a question regarding any worrisome

self-perceived cognitive decline during the initial tele-

phone screening. Yet, they expressed some concern to

the clinician during the SCD interview. In contrast, 10%

of the SCD patient group did not report worries in the

SCD-I although expression of concerns regarding the

self-perceived cognitive decline to the physician of the

memory clinic at screening was a mandatory inclusion

criterion. These discrepancies may be due to several rea-

sons, including temporal instability of measurements
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and subjective reports in general, the difference between

settings, and possibly an undeclared interest of some

healthy volunteers to participate in a study which they

imagine to confer some health benefit [32]. Consistency

of worries over time has been shown to relate to clinical

progression [6] and thus will be an interesting issue for

future analyses of longitudinal SCD-I data.

Most SCD participants (81%) reported an onset of a de-

cline within the last 5 years. This is perfectly in line with

the reported onset in the SCIENCE SCD-cohort, where

83% reported an onset within the last 5 years [33]. Inter-

estingly, those HC and AD relatives who reported any de-

cline frequently indicated a more distant onset. This

suggests a different pattern of perceived onset of decline

in cognitively unimpaired memory clinic patients.

The SCD-plus feature performing subjectively worse

than others was reported least frequently, endorsed by

30% of the SCD patients but only by 1% in the healthy

control. Finally, the confirmation of any complaints by an

informant occurred for the majority of SCD participants

(58%). Interestingly, 38% of informants of those controls

who reported any decline also confirmed an observed de-

cline in at least one domain, as did 44% of the informants

of AD relatives endorsing any cognitive decline. Thus,

there is a considerable overlap between groups not only

regarding any self-reported decline, but also regarding the

degree of confirmation by the informants.

Relation of SCD-I items and SCD-I scores with AD CSF

biomarkers

In line with the first interim report from the DELCODE

study based on a smaller sample [28], we found that SCD

participants had lower age-adjusted CSF-Aß42 levels and

lower CSF-Aß42/Tau ratios than HC, while the total Tau

level and the p-Tau-181 level did not differ between groups.

The SCD-plus sum score and the SCD-I domain score

were significantly and specifically associated with mea-

sures of amyloid pathology, and to the same extent with a

derived amyloid/Tau ratio, but not with p-Tau181 or t-tau

level alone. The associations with amyloid are in line with

previous studies using either CSF amyloid measures [14,

25] or amyloid PET [16, 34]. Like in the present study,

CSF-Tau was not associated with quantitative SCD in the

studies of [14, 25]. However, significantly positive associa-

tions between quantitative SCD and regional Tau mea-

sured with flortaucipir PET have been reported [16, 35].

This discrepancy may be due to the low correlation be-

tween CSF Tau and flortaucipir tracer uptake in early dis-

ease stages [36].

Three of the suggested SCD-plus features were signifi-

cantly associated with amyloid pathology: experienced

decline in memory, onset of subjective decline within the

last 5 years, and confirmation by an informant. The as-

sociation with worries was almost significant (p = .056),

which bears mentioning because a recent study with
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Fig. 3 Relationship between CSF-biomarkers and the number of fulfilled SCD domains in cognitively normal individuals (n = 205)
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cognitively normal memory clinic patients [33] and a

community-based study [20, 37] also reported an associ-

ation of worries with amyloid pathology. To our know-

ledge, only the Amsterdam SCIENCe cohort has tested

associations of all SCD-plus criteria with amyloid path-

ology, using different questionnaires plus some questions

similar to those of the SCD-I interview to reflect the cri-

teria. Two studies from this cohort [20, 33], in contrast

to our own study, did not find associations with “decline

in memory” and “onset within 5 years”. Apart from dif-

ferences in assessment, this may be due to the younger

age of the SCIENCe cohort as compared to the DEL-

CODE cohort (64 versus 69 years on average). However,

an association of subjective memory decline (e.g., [7])

and cognitive ratings by informants [38] with amyloid

pathology has been found before. Our study appears to

be the first one directly testing and validating the SCD-

plus criterion “onset within the last 5 years”.

The biomarker associations of the single SCD domains

revealed that perceived decline in the memory and lan-

guage domain showed the highest associations with AD

biomarkers, which is in line with studies suggesting that

memory complaints are the best predictor of incident

MCI [37] or that memory-related complaints are associ-

ated with PIB retention in healthy older adults [7]. How-

ever, to our knowledge, this is the first study reporting

an association of Aß42 with subjectively experienced de-

cline in the domain of language abilities. This pattern is

consistent with the earliest neuropsychological deficits

in AD starting with decline in episodic memory followed

by deficits in language [39].

We also observed a relationship between objective

memory performance and CSF-Aß42 level irrespective

of the subjective complaints. While subtle objective cog-

nitive decline can be expected in “late” preclinical AD

[40], we showed that subjective cognitive decline is

equally and independently predictive of amyloid abnor-

mality in cognitively normal individuals. This extends

findings of a previous study which also found an inde-

pendent association of subjective and objective cognitive

performance with CSF-Aß in patients with MCI [25].

Strengths and limitations

The current brief SCD interview has been derived from

the assessment routine in memory clinics and standardizes

the assessment of those SCD features which are currently

considered relevant for assessing suspected preclinical and

prodromal AD. Aside from establishing the presence or ab-

sence of each of these features, it offers summary measures

of quantitative SCD, which in the current study predicted

the presence of amyloid pathology.

The SCD-I is a direct operationalization of the SCD-

plus criteria and therefore has high content validity.

While this is not the only conceivable operationalization,

it is one which is frequently used in clinical assessment,

e.g., in DSM-based interviews, like the SCID [41], or in

questionnaires directly based on diagnostic criteria (like

the PHQ-9 [42]). The SCD-I discriminated well between

the HC and SCD groups in our study. This is somewhat

circular for the items of cognitive decline and related

concerns, as these SCD-plus criteria were used for group

definition at inclusion. However, also the other SCD-plus

items assessed at baseline with the SCD-I markedly dif-

fer between the groups. Furthermore, most SCD-I items,

and both SCD-I summary scores, were associated with

CSF-amyloid, implicating that it captures, to some de-

gree, AD-related cognitive concerns. In sum, this pro-

vides a first validation of the SCD-I as a measure for

SCD. This does not imply that this assessment method

is superior to others, e.g., questionnaire-based methods.

For example, the SCD-Q [43] captures many of the

SCD-plus items (it lacks the question of comparison

with others of the same age, and asks for perceived de-

cline in the last 2 years, rather than 5 years). In an eld-

erly population sample enriched for family history of

AD, larger SCD-Q scores were associated with objective

cognitive impairment and confirmation of decline by an

informant predicted cerebral volume reduction in AD-

related brain areas [44]. More data are needed to com-

pare the prediction of the same outcomes by different

SCD assessment methods.

One limitation of the present SCD-I is that it directly

asks for an experienced or observed decline in five neuro-

psychological domains, using global and commonly used

terms like memory, language, or planning. Whether sub-

jects “correctly” identify their specific problems as being

related to one of those domains is unknown. However,

subjects can endorse deficits in many domains as opposed

to only one or two, and the domain score, like the SCD-

plus score, seems to capture SCD severity, as it is related

to AD pathology. The SCD domain scores can be calcu-

lated for reports of patients and informants alike, so that

the difference between both scores could be used to exam-

ine the shift from a hyperawareness to hypoawareness of

cognitive deficits with the progression of AD [45].

Current research suggests that other specific aspects

or higher-order thinking, e.g., self-reports of confusion,

are also related to AD pathology in cognitively normal

individuals [15]. To identify alternative descriptions of

experienced and possibly pathological cognitive change,

we have added an open initial question in the SCD-I

asking for any observed cognitive change during recent

years. The recorded answers will be analyzed with the

help of qualitative methods [46, 47] and may give rise to

the identification of new AD-related SCD features not

captured by this first iteration of the SCD-I.

Furthermore, it should be noted that individuals in-

cluded in the present study were recruited in the

Miebach et al. Alzheimer's Research & Therapy           (2019) 11:66 Page 12 of 14



memory clinic (SCD patients) as well as from the com-

munity (HC and relatives). Evidence suggests that the

active process of seeking medical help due to self-per-

ceived cognitive decline is a factor with potential prog-

nostic value for the presence of AD pathology [12, 13].

Validation of the SCD-I in other samples will be another

research goal of the future.

Conclusion

Findings support the use of interview-based approaches

for the assessment of AD-related subjective cognitive de-

cline. In this study, detailed questions on perceived de-

cline in different cognitive domain and on the presence/

absence of the SCD-plus features were related to AD

biomarkers in cognitively normal participants of the

DELCODE study. Combining information on perceived

decline in multiple cognitive domains and SCD-plus fea-

tures is useful for prediction of underlying AD patho-

logical change in these individuals. The consistent report

of worries/non-worries is possibly an additional SCD-

plus feature to be considered in future SCD studies.
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