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Abstract: Introduction: Early and accurate Alzheimer’s disease (AD) diagnosis has evolved in recent
years by the use of specific methods for detecting its histopathological features in concrete cases.
Currently, biomarkers in cerebrospinal fluid (CSF) and imaging techniques (amyloid PET) are the
most used specific methods. However, some results between both methods are discrepant. Therefore,
an evaluation of these discrepant cases is required. Objective: The aim of this work is to analyze the
characteristics of cases showing discrepancies between methods for detecting amyloid pathology.
Methodology: Patients from the Neurology Department of La Fe Hospital (n = 82) were diagnosed
using both methods (CSF biomarkers and amyloid-PET). Statistical analyses were performed using
logistic regression, and sex and age were included as covariables. Additionally, results of standard
neuropsychological evaluations were taken into account in our analyses. Results: The comparison
between CSF biomarker (Af342) and amyloid PET results showed that around 18% of cases were
discrepant—mainly CFS-negative and PET-positive cases had CSF levels close to the cut-off point. In
addition, a correlation between the episodic memory test and CSF biomarkers levels was observed.
However, the same results were not obtained for other neuropsychological domains. In general,
CSF- and PET-discrepant cases showed altered episodic memory in around 66% of cases, while 33%
showed normal performance. Conclusions: In common clinical practice at tertiary memory centers,
result discrepancies between tests of amyloid status are far more common than expected. However,
episodic memory tests remain an important support method for AD diagnosis, especially in cases
with discrepant results between amyloid PET and CSF biomarkers.
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1. Introduction

Increasingly, middle-aged people suffer from memory loss, subjective complaints
without any medical evidence, cognitive impairment derived from other disorders (e.g.,
anxiety and depression), and dementia, with Alzheimer’s disease (AD) being the most
common [1]. AD diagnosis requires a complete clinical evaluation based on neuroimaging,
neuropsychological assessment, and amyloid status determination. This status is evaluated
by means of biomarkers levels ((3-amyloid-42 (A(342), total Tau (t-Tau), and phosphorylated
Tau (p-Tau)) in cerebrospinal fluid (CSF) or by amyloid positron emission tomography
(amyloid PET) [2]; however, these techniques show some discrepant results. Great results
consistencies for both diagnostic techniques are described and expected; however, in
common specialized practice, this consistency needs to be confirmed.

Regarding the histopathological characteristics of AD, the extracellular formation
of amyloid plaques and intracellular formation of neurofibrillary tangles are the main
hallmarks; therefore, diagnostic criteria are based on these specific biomarkers. They are
classified into amyloid status biomarkers (fibrillary amyloid retention by PET (amyloid
PET), and A342, t-Tau, and p-Tau in CSF) and neurodegeneration/topographic biomarkers
(temporoparietal metabolism by PET-FDG and medial temporal atrophy by NMR) [3].
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The amyloid status biomarkers consist of CSF levels for A342, t-Tau, and p-Tau, which
provides relevant information for early AD diagnosis [4]. However, the clinical variability
in late-onset AD requires us to consider other biomarkers. In this sense, some trials aim to
investigate Ap42/Ap40 or APP669-711/ A 42 ratios [5,6]. Another study suggested that
the AB42/A[340 ratio improved the diagnostic capacity of Af342 [7]. Moreover, amyloid
PET molecular imaging provides information about the complex interactions between
Ap42, Tau, and neuroinflammation in AD and mild cognitive impairment (MCI), allowing
us to differentiate among the changes associated with the normal aging process or the
physiopathological processes of the disease. In fact, PET imaging enables preclinical AD
detection [8], and it has some advantages, such as being a less invasive technique with high
precision and standardization levels. Nevertheless, amyloid PET is more expensive and
has some limitations regarding the use of tracers. In fact, tracers are difficult to produce
and handle since they have a short half-life. In addition, the different amyloid tracers
available in clinical practice could show different information, and their diagnosis indexes
(sensitivity, specificity) are not 100% [9].

The recent development of CSF biomarkers and amyloid PET techniques in the early
diagnosis of AD demonstrates important advances in the knowledge of the role of the
amyloid status [10]. However, some studies from the literature showed discrepant results
between CSF analysis and the amyloid PET technique [11,12]. Specifically, atypical CSF
patterns showing high levels for p-Tau and/or t-Tau but normal levels for A31-42 are
relatively frequent in patients with MCI and AD [13,14].

On the other hand, neuropsychological evaluation tests have shown their utility in the
detection of neurodegenerative diseases, such as AD, and could constitute a useful tool to
discern doubtful cases [15].

In this sense, the present study is focused on the evaluation of the concordance
between the results of CSF biomarkers levels (A{31-42, T-tau, and P-tau) and amyloid PET
in the diagnosis of patients with cognitive impairment to provide additional tools, such as
neuropsychological tests, in order to help in discrepant case diagnosis in clinical practice.

2. Materials and Methods
2.1. Participants and Samples Collection

The study involved patients from the neurology unit from the Hospital Universitari I
Politeécnic la Fe (Valencia, Spain) (n = 82), with ages between 48 and 80 years. All of them
underwent two procedures for AD diagnosis: (i) lumbar puncture to obtain CSF samples
for the determination of AD biomarkers (Amyloid (342 (A{342), t-Tau, and p-Tau); and
(if) amyloid PET technique (Florbetapir, Flubetamol). In addition, we evaluated all patients
with neuropsychological tests (CDR, RBANS) (see Section 2.2).

We classified participants into two groups: (i) concordant cases (n = 67)—CSF biomarkers
and amyloid PET imaging provided the same diagnosis; (ii) discordant cases (n = 15—CSF
biomarkers and amyloid PET imaging provided different diagnoses. We determined CSF
positivity by AB42 levels with a cut off of 750 pg mL~!. The study protocol was approved by
the Ethics Committee (CEIC) from the Health Research Institute La Fe (Valencia, Spain). All
participants signed the informed consent.

2.2. Neuropsychological Evaluation

The neuropsychological evaluation of the participants was based on the CDR and
RBANS tests.

The CDR test (clinical dementia rating; Morris, 1993) establishes 5 possible states based
on the evaluation of 6 areas of cognitive and behavioral autonomous functioning (memory,
orientation, reasoning and problem solving, activities of daily life, domestic tasks and
hobbies, and personal care and hygiene). The established states are: 0 (normal cognitive
and behavioral functioning), 0.5 (questionable dementia), 1 (mild dementia), 2 (moderate
dementia), and 3 (severe dementia) [16].
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The RBANS (repeatable battery for neuropsychological status assessment) test is a
neuropsychological battery that evaluates 5 areas: immediate memory (IM), language (L),
attention (A), delayed memory (DM), and visuospatial construction (VC). A resulting score
lower than 85 in some areas would indicate cognitive alteration [15,17].

2.3. Statistical Analysis

We summarized participants” demographic and clinical data using mean (standard
deviation) and median (interquartile range) for numerical variables, and absolute frequency
(%) for qualitative variables.

We performed an evaluation of the relationship between the results of amyloid PET,
biomarkers in CSF (A342, t-Tau, and p-Tau), and neuropsychological evaluation (RBANS
and CDR) through logistic regression, including sex and age as covariates. We performed
statistical analyses using R software version 4.0 (1) and clickR package version 0.4.39.

3. Results
3.1. CSF Biomarkers and Amyloid PET Imaging

Table 1 summarizes the demographic and clinical data from the two participant
groups. Regarding gender, more discordant and concordant-positive cases were obtained
for females compared to males, while concordant-negative cases were mainly males. Ad-
ditionally, CSF biomarkers (t-Tau, p-Tau, and Ap42) showed differences between groups.
Specifically, as expected, higher levels of A342 and lower levels of t-Tau and p-Tau were
found in the negative concordant group compared with the positive concordant group,
while medium levels were present in discordant cases. In the same way, neuropsycho-
logical scores are, in general, altered in the positive concordant group and are normal in
the negative concordant group, while the discordant group showed values closer to the
cut-off values.

Table 1. Demographic and clinical characteristics of participants.

Concordant Cases

(n=67) Discordant Cases
Variable Positive (+,+) Negative (—,—) (+(’r: 1(1;;+)
(n=34) (n=33)
Age (years, median (IQR)) 71 (64.75,74) 66 (63, 71.5) 69 (65.5, 75)
Sex (female, n (%)) 20 (58.82%) 8 (24.24%) 10 (66.67%)
APB1-42 (pg mL~!, median (IQR)) 570 (486, 665.25) 1204 (1067.25, 1468) 868 (789.5, 933.5)
t-Tau (pg mL~!, median (IQR)) 513 (335.5, 619.5) 249 (142, 407.5) 438 (346.5, 641.5)
t-Tau/AR1-42 0.825 (0.59, 1.34) 0.2 (0.14, 0.27) 0.52 (0.3, 0.76)
p-Tau (pg mL~!, median (IQR)) 74 (55.5, 97.75) 49 (38, 72) 77 (59, 83.5)
RBANS.IM (score, median (IQR)) 69 (53, 81) 87 (76, 100) 82 (77.5, 86.25)
RBANS.VC (score, median (IQR)) 81 (78, 92) 96 (81, 112) 88 (84, 100.5)
RBANS.L (score, median (IQR)) 85 (78, 88) 92 (78, 96) 75.5 (60, 82)
RBANS.A (score, median (IQR)) 72 (60, 82) 94 (79, 112) 80.5 (74.25, 91.75)
RBANS.DM (score, median (IQR)) 48 (40, 60) 98 (81, 103) 68 (40, 98.75)
0 3 (13.04%) 21 (77.77%) 5 (41.67%)
CDR (n, (%)) 0.5 16 (69.56%) 5 (15.52%) 7 (58.33%)
1 4 (17.39%) 1 (3.70%) 0 (0%)

IM: immediate memory, L: language, A: attention, DM: delayed memory, VC: visuospatial construction.
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Figure 1 shows the levels of the CSF biomarker (Af42) and the amyloid PET results in
both participant groups, showing that around 18% of cases were discrepant. Additionally, it
can be seen that discrepant results are mainly from intermediate CSF levels, which are close
to the cut-off point (750 pg mL~!). In addition, Figure 2 shows that most of the discrepant
cases correspond to patients with positive amyloid PET (1) and negative CSF biomarkers
(Ap42 levels > 750 pg mL~!). Similarly, a comparison between amyloid PET and the ratio
between t-Tau and A {342 showed 18% of discrepant cases.
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Figure 1. Representation of CSF biomarker level (AB1-42) and amyloid PET results for both partici-
pant groups (concordant, discordant).
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Figure 2. Representation of concordant and discordant results among CSF biomarkers and amyloid PET.
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3.2. Biomarkers and Neuropsychological Evaluation

The diagnosis potential of the neuropsychological evaluation was evaluated with
special attention to discordant cases; specifically, the scores obtained from CDR and RBANS.
DM tests were assessed as complementary tools to the biochemical and imaging tests.
For discrepant cases, patients with negative CSF biomarkers and positive PET manifest
alterations in episodic memory in 60% of cases (see Figure 2). By contrast, all the cases (only
two patients) with positive CSF biomarkers and negative PET showed normal episodic
memory performance.

The relationship between Ap42 levels and CSF and RBANS.DM tests is shown in
Figure 3. As observed, PET-negative amyloids are shown on the left side, with PET-
positive amyloids on the right. Among negative PET cases, concordant cases showed
AB1-42 levels > 750 pg mL~!, and most of them had high RBANS.DM scores (dark values);
however, discordant cases showed AB42 levels < 750 pg mL~! and high RBANS.DM scores.
Among positive PET cases, concordant cases showed Ap42 levels < 750 pg mL~!, and
most of them showed low RBANS.DM scores; furthermore, discordant cases showed A 42
levels > 750 pg mL~! and low RBANS.DM scores.

Negative PET Positive PET

(6]

o
i 15 ®
= @
o0
= $ - RBANS.DM
o~

. 120
§- 100
) ' 80
> 60
E 100 . 40

[E]

[} @

°
@)
Concordant Discordant Concordant Discordant

Figure 3. Relationship between Ap1-42 CSF and RBANS.DM levels depending on the amyloid PET
result; negative PET on the left, positive PET on the right.
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Figure 4 depicts linear regression, and we can see the conditional effects of the vari-
ables between the A(342 levels and RBANS.DM scores on the probability of amyloid PET
positivity. The line shows the probability of positive PET for each Ap42 level (Figure 4a) or
RBANS.DM score (Figure 4b), and the shaded part represents the confidence interval. As
can be seen, the confidence intervals are wide at high A(342 levels and RBANS.DM scores,
which could reflect considerable variability in the classification of patients according to
amyloid PET results, especially in cases with high levels of Af342 in CSF and high scores in
RBANS.DM. Among the CDR results, there was no correlation between CSF biomarkers
levels in the same way that happens in the other RBANS subsets.
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Figure 4. (a) Conditional effects of AB1-42 levels in CSF over the probability of positive amyloid PET;
(b) conditional effects of RBANS.DM scores over the probability of positive amyloid PET.

Figure 5 shows a decision tree for AD diagnosis based on these results. As can be
seen, patients with positivity and negativity for both tests should be diagnosed with AD
and non-AD, respectively. In the discrepant cases, RBANS.DM could be used to clarify the
diagnosis. In cases with altered RBANS.DM, patients should be diagnosed with AD, while
patients with normal scores for RBANS.DM should be should be followed up to define
their diagnosis.
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Figure 5. Decision tree for AD diagnosis based on CSF biomarkers, amyloid PET, and
RBANS.DM score.

4. Discussion

At present, the gold standard for the diagnosis of AD is based on the evaluation of
the amyloid status by means of CSF biomarker Af342 or amyloid PET imaging [11]. In this
work, an assessment of the concordance between the results from CSF biomarker levels
(Ap42) and amyloid PET tests was carried out in order to compare their reliability in the
diagnosis of patients with cognitive impairment in a real clinical practice context.

Sometimes test results are inconclusive or lack agreement. Moreover, some studies
showed discrepancies between both techniques [11,12]. Additionally, previous studies
indicated that amyloid PET and CSF biomarkers might not reflect identical clinical informa-
tion; therefore, a combination of both techniques could be the best option to characterize
clinically unclear cognitive impairment [18]. In the present work, most of the discrepant
cases were patients with negative CSF biomarkers and positive PET results. These results
are contrary to those described by Hye et al., who concluded that CSF biomarkers were
more sensitive than PET for AD diagnosis [19]. In addition, a previous study showed
similar discordant results between Af342 and amyloid PET, with 25% discrepancies [20].
In general, this is a very high discrepancy level for two analytical techniques considered
the gold standard in AD diagnosis. Regarding the amyloid deposition, previous studies
described the deposition of peptides Ap37 or AP39 in extracellular plaques [21]. In addi-
tion, perivascular deposits in some amyloid plaques could contribute to high variability
in amyloid PET results. Therefore, CSF AB42 and amyloid PET may not exactly reflect
the same information. Additionally, a previous study found that the A(342/A (340 ratio
showed better concordance with amyloid PET results [22]. However, the t-Tau/A{342 ratio
showed similar results to AB42 in our study. These differences among studies could be
explained by the different cut-off points used, as well as by the differences in the selection
of participants. In the present work, the participants were patients from the Cognitive
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Disorders Unit in the Hospital La Fe, implying some selection bias. Regarding the clinical
implications of the discrepant results, it is important to highlight that both tests (CSF A 342
and amyloid PET) were only applied to cases showing some inconsistent results between
a diagnosis test and the clinical manifestations. Similarly, previous studies showed that
both techniques were applied when there was a mismatch between the clinical diagnosis
and the biomarker result [23]; furthermore, a study by Wilde et al. showed that discordant
results provided important information about clinical progression [24]. In this sense, any
discordant negative result (A{342 CSF or amyloid PET) should be validated by means of
the other test.

According to gender differences, we found higher discrepancies and higher positive
results in females. The higher proportion of positive females could be explained by their
higher risk levels for AD [25], as well as the higher number of female participants in this
study. In addition, these could be explained by the influence of other factors, such as the
ApoE genotype (not available in our data) [26]. Therefore, studies in other cohorts are
necessary to confirm these results.

Regarding neuropsychology tests, they are mainly used to detect cognitive impairment
cases and to evaluate disease progression [27]. In this sense, the CDR test is the most used
classification system in clinical dementia research [28]. It consists of a global clinical
scale, which measures social, behavioral, and functional changes in patients. Among
its advantages is that it is independent of other psychometric tests, it does not require a
baseline evaluation, and it can be used as a control for each individual [29]. On the other
hand, RBANS is a short neuropsychological battery with high sensitivity for the detection of
cognitive disorders in degenerative and non-degenerative pathologies. It has been adapted
into several languages and is widely used in some countries [30]. RBANS scores produce
excellent estimates of diagnosis accuracy and it constitutes a useful tool in the detection of
cognitive deficits associated with AD [17,31,32]. Specifically, the RBANS.DM domain could
be a cost-effective tool for identifying the early signs of AD pathology, improving clinical
decisions about the progression to dementia due to AD [15].

In the present study, the agreement between a CSF biomarker (A(342), and the amyloid
PET technique was evaluated. The results showed that those subjects with alterations
in amyloid PET (positive) could be AD patients; however, if CSF A(342 levels are >the
cut-off point (negative), the AD diagnosis was not corroborated. In these discrepant cases,
the patients’ cognitive impairment was evaluated according to the RBANS.DM domain,
which constitutes an important tool in establishing diagnosis, much as it is in cases without
studying amyloid status.

An episodic memory assessment (RBANS.DM) would allow us to establish the phase
of the disease (the lower score obtained in this area, the greater memory deficit), as the
study by Hammers et al. already pointed out. In fact, they claimed that RBANS.DM could
illuminate clinical decision making regarding the possible progression to dementia due to
AD [27]. In addition, evaluations of episodic memory with tests such as the RBANS.DM
scale would remain a key tool to identify patients with AD, even when specific amyloid
detection techniques are fully available. So, its use is quite able to reduce economic costs
in those countries where amyloid PET cannot be performed by public health systems.
Similar results were obtained from a previous study [27]. In the present study, RBANS.DM
showed a great capacity to predict amyloid PET status. For that reason, RBANS.DM could
be employed as an AD diagnosis approach in cases where economic conditions do not
allow the performance of more expensive tests, such as amyloid PET. In addition, episodic
memory tests (e.g., RBANS.DM) could be useful as a screening test for AD diagnosis due
to its high sensitivity. However, its application requires further resources (specialized staff
and time), which are not available in most health systems.

The main limitations of this study are the small sample size and the reduced number
of discordant cases. In addition, the participants were patients from the Neurology Unit;
therefore, the sample could be biased. Moreover, the specific cut-off point used according
to clinical practice in this unit could be different from others, making it difficult to extrap-



Biomedicines 2022, 10, 2880 9of 11

olate the results. Regarding amyloid PET, the interpretation of these results can be more
subjective, especially in the most borderline cases. So, highly specialized personnel are
required to be in charge of these tasks. Similarly, for neuropsychological evaluation, some
specialized staff is required.

5. Conclusions

Alzheimer’s disease diagnosis is mainly based on amyloid status (A342 in CSF and
amyloid PET). However, in some cases, both techniques presented discordant results. In
these cases, classical complementary non-invasive and cost-effective neuropsychological
tools continued providing the key data to support AD diagnosis. In this sense, episodic
memory assessments still constitute a useful tool in supporting the diagnosis of patients
with risks for Alzheimer’s disease development. Therefore, neuropsychological evaluations
could help to increase knowledge regarding the patient’s cognitive impairment degree or
disease progression but also identify AD patients.

In general, this study highlights the high percentage of discrepancies between two
techniques considered the gold standard in the diagnosis of AD. In this sense, there is an
increasing need to carry out further research in plasma samples to identify new specific
biomarkers that are minimally invasive and economically affordable.

Author Contributions: Conceptualization, M.B. and C.C.-P,; methodology, L.G.-V., C.P-B. and L.A.-S;
formal analysis, L.G.-V., C.P-B. and LE-C; data curation, L.A.-S.and M.B.; writing—original draft
preparation, L.G.-V. and C.C.-P; writing—review and editing, C.C.-P. and C.P--B.; supervision, M.B.
and C.C.-P. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the Instituto de Salud Carlos III Project PI119/00570 (Spanish
Ministry of Economy and Competitiveness) and co-funded by European Union, ERDF “A way
to make Europe”. CCP acknowledges CPII21/00006. CPB acknowledges PFIS FI20/00022. LAS
acknowledges Rio Hortega CM20,/00140.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Hospital Universitari I Politécnic La Fe (2021-
454-1, 23 June 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: C.C.-P. acknowledges a postdoctoral “Miguel Servet” grant CP1121/00006 and a
FIS PI19/00570 grant from the Health Institute Carlos III (Spanish Ministry of Economy, Industry
and Innovation). L.A.-S. acknowledges an “RH” grant CM16/00174 from the Health Institute Carlos
III., C.P-B. acknowledges a predoctoral “PFIS” grant FI120/00022 from the Health Institute Carlos III.
The authors are grateful to Emma Vallés Esteve for professional English language editing.

Conflicts of Interest: The authors declare that they have no conflict of interest.

References

1.  Alzheimer’s Association. 2021 Alzheimer’s disease facts and figures. Alzheimer’s Dement. 2021, 17, 327-406. [CrossRef] [PubMed]

2. Garcia-Ribas, G.; Lépez-Sendén Moreno, J.L.; Garcia-Caldentey, ]. Biomarcadores en la enfermedad de Alzheimer. Rev. Neurol.
2014, 58, 308-317. [CrossRef] [PubMed]

3.  Camacho, V,; Gomez-Grande, A.; Sopena, P.; Garcia-Solis, D.; Rio, M.G.; Lorenzo-Bosquet, C.; Rubi, S.; Arbizu, J. PET Amiloide En
Enfermedades Neurodegenerativas Que Cursan Con Demencia. Rev. Esp. Med. Nucl. Imagen Mol. 2018, 37, 397-406. [CrossRef]
[PubMed]

4. Blennow, K. A Review of Fluid Biomarkers for Alzheimer’s Disease: Moving from CSF to Blood. Neurol. Ther. 2017, 6, 15-24.
[CrossRef]

5. Blennow, K; Zetterberg, H. Biomarkers for Alzheimer’s disease: Current status and prospects for the future. J. Intern. Med. 2018,
284, 643-663. [CrossRef]

6. Blennow, K.; Zetterberg, H. The Past and the Future of Alzheimer’s Disease Fluid Biomarkers. ]. Alzheimers Dis. 2018, 62,
1125-1140. [CrossRef]


http://doi.org/10.1002/alz.12328
http://www.ncbi.nlm.nih.gov/pubmed/33756057
http://doi.org/10.33588/rn.5807.2013394
http://www.ncbi.nlm.nih.gov/pubmed/24677154
http://doi.org/10.1016/j.remn.2018.03.004
http://www.ncbi.nlm.nih.gov/pubmed/29776894
http://doi.org/10.1007/s40120-017-0073-9
http://doi.org/10.1111/joim.12816
http://doi.org/10.3233/JAD-170773

Biomedicines 2022, 10, 2880 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Hansson, O.; Lehmann, S.; Otto, M.; Zetterberg, H.; Lewczuk, P. Advantages and disadvantages of the use of the CSF Amyloid 3
(Ap) 42/40 ratio in the diagnosis of Alzheimer’s Disease. Alzheimers Res. Ther. 2019, 11, 34. [CrossRef]

Chandra, A.; Valkimadi, P,; Pagano, G.; Cousins, O.; Dervenoulas, G.; Politis, M. Applications of Amyloid, Tau, and Neuroin-
flammation PET Imaging to Alzheimer’s Disease and Mild Cognitive Impairment. Hum. Brain Mapp. 2019, 40, 5424-5442.
[CrossRef]

Salmon, E.; Bernard Ir, C.; Hustinx, R. Pitfalls and Limitations of PET/CT in Brain Imaging. Semin. Nucl. Med. 2015, 45, 541-551.
[CrossRef]

Cohen, A.D.; Landau, S.M.; Snitz, B.E.; Klunk, W.E.; Blennow, K.; Zetterberg, H. Fluid and PET biomarkers for amyloid pathology
in Alzheimer’s disease. Mol. Cell. Neurosci. 2018, 97, 3—17. [CrossRef]

Alcolea, D.; Pegueroles, J.; Mufoz, L.; Camacho, V.; Lopez-Mora, D.; Fernandez-Leén, A.; Le Bastard, N.; Huyck, E.; Nadal, A,;
Olmedo, V,; et al. Agreement of amyloid PET and CSF biomarkers for Alzheimer’s disease on Lumipulse. Ann. Clin. Transl.
Neurol. 2019, 6, 1815-1824. [CrossRef] [PubMed]

Reimand, ]J.; Boon, B.D.C.; Collij, L.E.; Teunissen, C.E.; Rozemuller, A.].M.; van Berckel, B.N.M.; Scheltens, P.; Ossenkoppele, R.;
Bouwman, F. Amyloid- 8 PET and CSF in an autopsy-confirmed cohort. Ann. Clin. Transl. Neurol. 2020, 7, 2150-2160. [CrossRef]
[PubMed]

Manca, C.; Jonveaux, T.R.; Roch, V.; Marie, P-Y.; Karcher, G.; Lamiral, Z.; Malaplate, C.; Verger, A. Amyloid PETs are commonly
negative in suspected Alzheimer’s disease with an increase in CSF phosphorylated-tau protein concentration but an A{342
concentration in the very high range: A prospective study. J. Neurol. 2019, 266, 1685-1692. [CrossRef] [PubMed]

Guo, T.; Shaw, L.M.; Trojanowski, ]J.Q.; Jagust, W.J.; Landau, S.M. Association of CSF A3, Amyloid PET, and Cognition in
Cognitively Unimpaired Elderly Adults. Neurology 2020, 95, €2075-€2085. [CrossRef] [PubMed]

Pefia-Bautista, C.; Baquero, M.; Ferrer, I.; Hervas, D.; Vento, M.; Garcia-Blanco, A.; Chéfer-Pericds, C. Neuropsychological
assessment and cortisol levels in biofluids from early Alzheimer’s disease patients. Exp. Gerontol. 2019, 123, 10-16. [CrossRef]
[PubMed]

Hughes, C.P; Berg, L.; Danziger, W.; Coben, L.A.; Martin, R.L. A New Clinical Scale for the Staging of Dementia. Br. |. Psychiatry
1982, 140, 566-572. [CrossRef] [PubMed]

Randolph, C.; Tierney, M.C.; Mohr, E.; Chase, T.N. The Repeatable Battery for the Assessment of Neuropsychological Status
(RBANS): Preliminary Clinical Validity. J. Clin. Exp. Neuropsychol. 1998, 20, 310-319. [CrossRef] [PubMed]

Bouter, C.; Vogelgsang, J.; Wiltfang, ]. Comparison between amyloid-PET and CSF amyloid-3 biomarkers in a clinical cohort with
memory deficits. Clin. Chim. Acta 2019, 492, 62—68. [CrossRef]

Kim, K.H.; Seo, ].D.; Kim, E.S.; Kim, H.-S; Jeon, S.; Pak, K.; Lee, M.].; Lee, ].-H.; Lee, YM.; Lee, K.; et al. Comparison of Amyloid
in Cerebrospinal Fluid, Brain Imaging, and Autopsy in a Case of Progressive Supranuclear Palsy. Alzheimers Dis. Assoc. Disord.
2020, 34, 275-277. [CrossRef]

Lewczuk, P; Matzen, A.; Blennow, K.; Parnetti, L.; Molinuevo, J.L.; Eusebi, P.; Kornhuber, J.; Morris, ].C.; Fagan, A.M. Cere-
brospinal Fluid A342/40 Corresponds Better than AB42 to Amyloid PET in Alzheimer’s Disease. J. Alzheimers Dis. 2016, 55,
813-822. [CrossRef]

Reinert, J.; Richard, B.C.; Klafki, H.W.; Friedrich, B.; Bayer, T.A.; Wiltfang, J.; Kovacs, G.G.; Ingelsson, M.; Lannfelt, L.; Paetau, A;
et al. Deposition of C-Terminally Truncated A Species AB37 and A339 in Alzheimer’s Disease and Transgenic Mouse Models.
Acta Neuropathol. Commun. 2016, 4, 24. [CrossRef] [PubMed]

Wiltfang, J.; Esselmann, H.; Bibl, M.; Hull, M.; Hampel, H.; Kessler, H.; Frolich, L.; Schréder, J.; Peters, O.; Jessen, E; et al. Amyloid
f peptide ratio 42/40 but not AB42 correlates with phospho-Tau in patients with low- and high-CSF A(40 load. . Neurochem.
2007, 101, 1053-1059. [CrossRef] [PubMed]

Reimand, J.; Groot, C.; Teunissen, C.E.; Windhorst, A.D.; Boellaard, R.; Barkhof, F.; Nazarenko, S.; van der Flier, W.M.; van Berckel,
B.N.M.; Scheltens, P; et al. Why Is Amyloid- PET Requested After Performing CSF Biomarkers? |. Alzheimer’s Dis. 2020, 73,
559-569. [CrossRef]

de Wilde, A.; Reimand, J.; Teunissen, C.E.; Zwan, M.; Windhorst, A.D.; Boellaard, R.; van der Flier, W.M.; Scheltens, P.; van
Berckel, BN.M.; Bouwman, E; et al. Discordant Amyloid- PET and CSF Biomarkers and Its Clinical Consequences. Alzheimers
Res. Ther. 2019, 11, 78. [CrossRef] [PubMed]

Scheyer, O.; Rahman, A.; Hristov, H.; Berkowitz, C.; Isaacson, R.S.; Diaz Brinton, R.; Mosconi, L. Female Sex and Alzheimer’s
Risk: The Menopause Connection. J. Prev. Alzheimers Dis. 2018, 1-6. [CrossRef] [PubMed]

Lautner, R.; Insel, P.S.; Skillback, T.; Olsson, B.; Landén, M.; Frisoni, G.B.; Herukka, S.-K.; Hampel, H.; Wallin, A.; Minthon, L.;
et al. Preclinical Effects of APOE E4 on Cerebrospinal Fluid AB42 Concentrations. Alzheimers Res. Ther. 2017, 9, 87. [CrossRef]
[PubMed]

Hammers, D.B.; Atkinson, T.J.; Dalley, B.C.A.; Suhrie, K.R.; Beardmore, B.E.; Burrell, L.D.; Horn, K.P.; Rasmussen, K.M.; Foster,
N.L.; Duff, K.; et al. Relationship between 18F-Flutemetamol uptake and RBANS performance in non-demented community-
dwelling older adults. Clin. Neuropsychol. 2017, 31, 531-543. [CrossRef]

Salloway, S.; Honigberg, L.A.; Cho, W.; Ward, M.; Friesenhahn, M.; Brunstein, E; Quartino, A.; Clayton, D.; Mortensen, D.; Bittner,
T.; et al. Amyloid Positron Emission Tomography and Cerebrospinal Fluid Results from a Crenezumab Anti-Amyloid-Beta
Antibody Double-Blind, Placebo-Controlled, Randomized Phase II Study in Mild-to-Moderate Alzheimer’s Disease (BLAZE).
Alzheimers Res. Ther. 2018, 10, 96. [CrossRef]


http://doi.org/10.1186/s13195-019-0485-0
http://doi.org/10.1002/hbm.24782
http://doi.org/10.1053/j.semnuclmed.2015.03.008
http://doi.org/10.1016/j.mcn.2018.12.004
http://doi.org/10.1002/acn3.50873
http://www.ncbi.nlm.nih.gov/pubmed/31464088
http://doi.org/10.1002/acn3.51195
http://www.ncbi.nlm.nih.gov/pubmed/33080124
http://doi.org/10.1007/s00415-019-09315-y
http://www.ncbi.nlm.nih.gov/pubmed/30963253
http://doi.org/10.1212/WNL.0000000000010596
http://www.ncbi.nlm.nih.gov/pubmed/32759202
http://doi.org/10.1016/j.exger.2019.05.007
http://www.ncbi.nlm.nih.gov/pubmed/31117002
http://doi.org/10.1192/bjp.140.6.566
http://www.ncbi.nlm.nih.gov/pubmed/7104545
http://doi.org/10.1076/jcen.20.3.310.823
http://www.ncbi.nlm.nih.gov/pubmed/9845158
http://doi.org/10.1016/j.cca.2019.02.005
http://doi.org/10.1097/WAD.0000000000000396
http://doi.org/10.3233/JAD-160722
http://doi.org/10.1186/s40478-016-0294-7
http://www.ncbi.nlm.nih.gov/pubmed/26955942
http://doi.org/10.1111/j.1471-4159.2006.04404.x
http://www.ncbi.nlm.nih.gov/pubmed/17254013
http://doi.org/10.3233/JAD-190836
http://doi.org/10.1186/s13195-019-0532-x
http://www.ncbi.nlm.nih.gov/pubmed/31511058
http://doi.org/10.14283/jpad.2018.34
http://www.ncbi.nlm.nih.gov/pubmed/30298180
http://doi.org/10.1186/s13195-017-0313-3
http://www.ncbi.nlm.nih.gov/pubmed/29061195
http://doi.org/10.1080/13854046.2016.1278039
http://doi.org/10.1186/s13195-018-0424-5

Biomedicines 2022, 10, 2880 11 of 11

29.

30.

31.

32.

Custodio, N.; Becerra-Becerra, Y.; Alva-Diaz, C.; Montesinos, R.; Lira, D.; Herrera-Pérez, E.; Cuenca-Alfaro, J.; Valeriano-Lorenzo,
E.; Castro-Sudrez, S. Validacion y Precision de La Escala de Deterioro Global (GDS) Para Establecer Severidad de Demencia En
Una Poblacion de Lima. Ces. Med. 2017, 31, 14-26. [CrossRef]

Muntal Encinas, S.; Gramunt-Fombuena, N.; Badenes Guia, D.; Casas Hernanz, L.; Aguilar Barbera, M. Traduccion y Adaptacion
Espafiola de La Bateria Neuropsicoldgica Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) Forma A
En Una Muestra Piloto. Neurologia 2012, 27, 531-546. [CrossRef]

Duff, K; Clark, H.].D.; O’Bryant, S.; Mold, ].W.; Schiffer, R.B.; Sutker, P.B. Utility of the RBANS in detecting cognitive impairment
associated with Alzheimer’s disease: Sensitivity, specificity, and positive and negative predictive powers. Arch. Clin. Neuropsychol.
2008, 23, 603-612. [CrossRef] [PubMed]

Hobson, V.L.; Hall, ].R.; Humphreys-Clark, ].D.; Schrimsher, G.W.; O’Bryant, S.E. Identifying functional impairment with scores
from the repeatable battery for the assessment of neuropsychological status (RBANS). Int. ]. Geriatr. Psychiatry 2009, 25, 525-530.
[CrossRef] [PubMed]


http://doi.org/10.21615/cesmedicina.31.1.2
http://doi.org/10.1016/j.nrl.2011.07.006
http://doi.org/10.1016/j.acn.2008.06.004
http://www.ncbi.nlm.nih.gov/pubmed/18639437
http://doi.org/10.1002/gps.2382
http://www.ncbi.nlm.nih.gov/pubmed/19862695

	Introduction 
	Materials and Methods 
	Participants and Samples Collection 
	Neuropsychological Evaluation 
	Statistical Analysis 

	Results 
	CSF Biomarkers and Amyloid PET Imaging 
	Biomarkers and Neuropsychological Evaluation 

	Discussion 
	Conclusions 
	References

