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Background: Studies concerning the impact of the AT(N) framework on diagnostic cap-
ability in the dementia population are lacking. We aimed to explore the diagnostic applica-
tion of CSF AT(N) framework in clinical routines of Alzheimer’s disease (AD) as well as 
differential diagnosis of other cognitive diseases in the Chinese Han population.
Patients and Methods: A total of 137 patients with cognitive disorders received CSF tests 
of Aβ42, t-tau and p-tau181. Their CSF biomarker results were categorized and interpreted by 
the AT(N) framework. Neurologists provided a diagnosis both pre- and post-CSF biomarker 
disclosure with corresponding diagnostic confidence.
Results: The total initial diagnosis included 79 patients with AD and 58 patients with non- 
AD (NAD). The results of CSF biomarkers led to a diagnostic change of 28% in the cohort. 
Approximately 81.5% (n=53) of 65 patients whose CSF biomarker showed an 
underlying AD pathology were finally diagnosed as AD, with an increase of 17.5% in 
diagnostic confidence. Thirty-seven CSF results indicating NAD pathologic changes con-
tributed to an exclusion of AD in 56.8% (n=21) of the patients along with a modest increase 
of 9.8% in average confidence. Thirty- 
five patients with normal CSF biomarkers maintained the diagnosis of NAD in 68.6% (n=24) 
of the group, leading to a slight elevation of 7.6% in confidence.
Conclusion: We found that the presence of amyloid pathology (A+) is contributable to 
diagnosing AD and improving confidence. On occasion of negative amyloid pathology (A-), 
with or without tau pathology, gaining uncertainty of the primary AD diagnosis would 
diminish the corresponding confidence. To the best of our knowledge, this is the first study 
performed in the Chinese Han population with cognitive disorders that explores the clinical 
capability of CSF AT(N) framework in a quantitative way.
Keywords: Alzheimer’s disease, cerebrospinal fluid biomarker, AT(N), diagnostic 
confidence

Introduction
Currently, two pathological hallmarks of Alzheimer’s disease (AD) are well- 
recognized as toxic senile plaques formed by extracellular β-amyloid deposition 
and neurofibrillary tangles (NFTs) formed with intracellular accumulation of hyper-
phosphorylated tau in the brain.1 In most ante-mortem cases, the diagnosis of AD 
mainly depends on typical symptoms of cognitive decline, neuropsychological tests 
and neuroimaging examination.2 The present drug and non-drug therapies often fail 
to meet satisfactory response at an advanced stage of AD. Several clinical trials 
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only show limited effects in patients at an early stage. 
Hence, early identification and diagnosis is the most cri-
tical prevention and management of AD. Nevertheless, 
comparing with the diagnostic accuracy in autopsy studies, 
the sensitivity and specificity is merely 71% for 
probable AD in clinical practice.1 Encountering conditions 
like younger patients (senile dementia), patients manifest-
ing as atypical AD (non-amnestic symptoms such as 
visuospatial dysfunction, behavioral abnormality), comor-
bidity, or patients with a rapid progression make it harder 
to diagnose with sufficient confidence.3,4

Extensive evidence has confirmed that distinctive in-vivo 
biomarkers reflecting AD pathology could occur years or 
even decades before the clinical onset of dementia. The 
National Institute on Aging and Alzheimer’s Association 
(NIA-AA) has proposed an AT(N) framework for AD 
research in recent years,5 which represents significant pro-
gress in the biological characterization of the disease spec-
trum of AD. In the framework, “A” refers to amyloidosis, 
“T” stands for tauopathy, and “(N)” represents a non-specific 
biomarker of neurodegeneration or neuronal injury. Each 
biomarker category is binarized as positive (+) or negative 
(-), resulting in 8 different AT(N) profiles, ranging from 
a group where all biomarkers are negative (A-T-(N)-) to 
one where are all positive (A+T+(N)+).

It has been verified that decreased levels of cerebrosp-
inal fluid (CSF) β amyloid protein with 42 amino acids 
(Aβ42) and increased CSF total tau (t-tau) as well as 
phosphorylated isoform of tau (p-tau) directly reflect neu-
ropathological changes in the brains of AD.6 

Combinations of the 3 CSF biomarkers have been widely 
promoted in clinical diagnosis of AD,7–9 prediction of rate 
of progression,10 evaluation of AD-converting risk in 
patients with mild cognitive impairment (MCI),11 or in 
preclinical individuals with AD,12,13 in addition, contribut-
ing to drug development and AD clinical trials.14 

However, studies on how these CSF biomarkers influence 
the diagnostic process of AD via the AT(N) framework are 
limited,15,16 and it has never been examined in Chinese 
Han population. Therefore, our research aims to quantify 
the impact of CSF AT(N) framework on clinical diagnosis 
of AD as well as its differential diagnosis.

Patients and Methods
Subjects and Diagnostic Criteria
We consecutively enrolled a total of 137 patients with 
complaints of cognitive decline from the Department of 

Neurology, Second Affiliated Hospital of Zhejiang 
University School of Medicine between March 2015 and 
October 2019. All participants received a standard screen-
ing procedure of dementia including collections of detailed 
medical history, physical and neurological examinations, 
basic neuropsychological examination, routine laboratory 
testing and brain magnetic resonance imaging (MRI). All 
examinations were conducted by experienced doctors and 
technicians. The patient would be diagnosed as dementia if 
he/she met the DSM-IV criteria of dementia.17 Demented 
participants would be further diagnosed with probable AD 
if they met NINCDS-ADRDA criteria.2 Patients who ful-
filled the Neary criteria would be diagnosed with fronto-
temporal lobar dementia (FTD),18 vascular dementia 
(VaD) if they met the NINCDS-AIREN criteria,19 demen-
tia with Lewy bodies (DLB) if they met the criteria of 
McKeith et al,20 normal pressure hydrocephalus (NPH) if 
they met the revised Dandy criteria.21 According to differ-
ent diagnostic criteria the patients fulfilled, other diagnoses 
including progressive supranuclear palsy (PSP),22 

Parkinson’s disease with dementia (PDD),23 and mixed 
dementia (AD-VaD) would be made. Patients who failed 
to meet the criteria of dementia but reached the criteria of 
Petersen et al would be diagnosed as MCI.24 At the begin-
ning, two senior neurologists evaluated each participant 
with provided clinical data, neuropsychological assess-
ment and MRI information. They determined initial diag-
nosis separately and rated corresponding diagnostic 
confidence (range, 50%-100%). When the diagnosis 
given by two neurologists were controversial, a final deci-
sion and corresponding confidence would be given after 
they reached an agreement.

Collection of CSF Samples
A lumbar puncture (LP) and CSF test would be requested 
whenever the clinicians were uncertain about the diagnosis. It 
was ensured that there were no contraindications to LP for 
each patient before it was performed. CSF samples were 
collected in a polypropylene tube by LP at L3/4 or L4/5 
space and were transported immediately to laboratory. The 
samples were centrifuged at 400 ×g for 10 min at 4°C to 
remove cells, then frozen and stored in Protein LoBind Tubes 
(Eppendorf AG, Germany) at −80°C before analysis. A small 
portion of the CSF was used for routine laboratory testing. 
The results of total cells (leucocytes and erythrocytes), pro-
tein and glucose were unremarkable in all samples.
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CSF Biomarker Analysis
CSF Aβ42, t-tau and tau phosphorylated at threonine-181 (p- 
tau181) were later assessed by INNOTEST sandwich enzyme 
linked immunosorbent assays (ELISA) (Fujirebio, Ghent, 
Belgium) according to the manufacturer’s instructions by 
experienced technicians who were blind to clinical diagnosis.

There are no international standardized cutoffs of these AD 
biomarkers yet, hence in this study we take the cutoffs listed 
on the ELISA instruction as reference, which are determined 
by an unpublished data of the comparison between autopsy- 
confirmed AD patients and cognitively normal elderly.25 

Normal concentrations of CSF Aβ42, t-tau and p-tau181 are 
associated with age and are described in the following:

● For 21 to 51 years old, CSF Aβ42 < 610 pg/mL, t-tau 
> 225 pg/mL;

● For 51 to 70 years old, CSF Aβ42 < 562 pg/mL, t-tau 
> 370 pg/mL;

● For over 70 years old, CSF Aβ42 < 567 pg/mL, t-tau 
> 512 pg/mL.

● For 18 to 44 years old, CSF p-tau181 > 45.67 pg/mL 
and > 66.26 pg/mL between 45 to 77 years old.

According to the AT(N) framework,5 the CSF bio-
marker results are classified into 8 AT(N) categories and 
thereby interpreted into 3 types of pathologies (Table 1). 
When only abnormal level of CSF Aβ42 is present (A+T 
+(N)+, A+T+(N)-, A+T-(N)+, A+T-(N)-), “Alzheimer’s 
continuum” is used as a generic term which is comprised 
of three pathological conditions including “AD pathol-
ogy,” “Alzheimer’s and concomitant suspected non- 
Alzheimer’s pathologic change,” and “Alzheimer’s 
pathologic change.” Individuals with a biomarker cate-
gory showing “Alzheimer’s continuum” are at high risk 
of developing AD or probable AD. When levels of CSF 
tau are abnormal while CSF Aβ42 is normal (A-T+(N)+, 
A-T+(N)-, A-T-(N)+), “Non-Alzheimer’s disease (NAD) 
pathologic changes” is used. “Normal AD biomarker” is 
considered when all 3 biomarkers are normal (A-T-(N)-).

Outcome Measures
The neurologists revised the diagnosis and re-evaluated the 
corresponding confidence (range, 50%–100%) in reference to 
CSF AT(N) framework. Based on the consistency of diagno-
sis both pre- and post-CSF biomarker disclosure, the total 137 
patients were divided into 5 groups: Group Stable AD, Group 
Stable NAD, Group Change AD to NAD, Group Change 

NAD to AD, Group Change NAD to NAD. They integrated 
as Group Final AD and Group Final NAD, respectively.

Statistical Analysis
The statistical analyses were performed using SPSS 24.0. 
Quantitative data were compared using t-test, One- 
ANOVA and Χ2 test for categorical data between groups. 
Post-hoc analysis was calculated by Mann–Whitney 
U-Tests when evaluating changes in diagnosis and confi-
dence. Significance level was defined as p<0.05.

Results
Demographic Characteristics and Clinical 
Data
The initial diagnosis of all 137 participants included 
79 AD (58%) and 58 NAD (42%). The AD group 

Table 1 Biomarker Profiles and Pathological Interpretations

AT(N) Profiles Biomarker Category Pathological 
Interpretation

A+T+(N)+ Alzheimer’s disease Alzheimer’s 

continuum a
A+T+(N)- Alzheimer’s disease

A+T-(N)+ Alzheimer’s and 

concomitant suspected 
non-Alzheimer’s 

pathologic change

A+T-(N)- Alzheimer’s pathologic 

change

A-T+(N)+ Non-AD pathologic 

change

Non-Alzheimer’s 

disease 
pathologic 

changes bA-T+(N)- Non-AD pathologic 

change

A-T-(N)+ Non-AD pathologic 

change

A-T-(N)- Normal AD biomarkers Normal AD 

biomarker c

Notes: Each biomarker category is binarized as positive (+) or negative (-), result-
ing in eight different AT(N) biomarker profiles; Every individual can be classified into 
one of the three categories based on biomarker profiles: those who are in the 
Alzheimer’s continuum (dark grey), those with non-AD pathologic changes (light 
grey), and those with normal AD biomarkers (no color); aWhen only abnormal level 
of CSF Aβ42 is present, the AT(N) profile should be classified into the “Alzheimer’s 
continuum” group, which is an umbrella term comprised of three pathological 
conditions including “AD pathology,” “Alzheimer’s and concomitant suspected non- 
Alzheimer’s pathologic change,” and “Alzheimer’s pathologic change;” bWhen levels 
of CSF tau are abnormal while CSF Aβ42 was normal, the AT(N) profile should be 
classified into the “Non-Alzheimer’s disease pathologic changes” group; cWhen all 3 
biomarkers are normal, the AT(N) profile should be classified into the “Normal AD 
biomarker” group. 
Abbreviation: AD, Alzheimer’s disease.
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consisted of 71 patients with typical AD dementia, 5 with 
atypical AD dementia, and 3 with prodromal AD. The 
NAD group was comprised of 15 individuals with MCI, 
27 with FTD, 4 with NPH, 3 with VaD, 2 with DLB, 2 
with mixed dementia, 2 with leukoencephalopathy, and 
PDD, PSP, pseudodementia caused by depression, one 
for each. Baseline demographic characteristics and clinical 
data of the study population were summarized in Table 2. 
Subjects with an initial diagnosis of AD showed no statis-
tical significance from NAD patients in terms of sex, age, 
age at onset, duration of disease or education except for 
the MMSE score, which was lower in the AD group (13.3 
± 7.1, p<0.05). In regards of CSF AD biomarkers, the 
values of CSF t-tau and p-tau181 were both higher in 
the AD group than that in the NAD group (p<0.001, 
p<0.01).

AT(N) Profiles of CSF Biomarker
At baseline, distributions of CSF biomarker AT(N) profiles 
were exhibited in Table 3. Among the overall 137 partici-
pants, 65 results were interpreted into Alzheimer’s conti-
nuum, 37 into NAD pathologic change, and 35 were 
classified as normal AD biomarker. The Alzheimer’s con-
tinuum category was comprised of 42 individuals diag-
nosed with Initial AD and 23 with Initial NAD. The NAD 
pathologic change category consisted of 27 Initial AD and 
10 Initial NAD. Ten patients diagnosed with Initial AD and 25 with Initial NAD made up the normal category. In 

the Initial AD group (n=79), Alzheimer’s continuum and 
NAD pathologic change accounted for 53% and 34%, 
respectively. Comparatively, in the Initial NAD group 
(n=58), Alzheimer’s continuum and normal AD biomarker 
respectively took up a close proportion of 40% and 43% 
whereas NAD pathologic change was merely 17% (n=10). 
Generally, Alzheimer’s continuum made up the most 
represented category (47%) of the entire 137 subjects. 
The share of the other 2 categories almost halved the 
other 53%.

Revision in Clinical Diagnosis
Given CSF biomarker AT(N) profile, 28% of the diag-
noses changed after biomarker disclosure (Figure 1). 
Among 79 individuals diagnosed as Initial AD, approxi-
mately 27% (n=21) were revised into NAD, including 6 
individuals with mixed dementia, 4 with VaD, 4 with 
FTD, 2 with leukoencephalopathy, 4 with dementia of 
unknown etiology, and one pseudodementia caused by 
depression. As for the Initial NAD group, about 28% 
(n=16) of the diagnosis changed into AD and one VaD 

Table 2 Demographic Characteristic and Clinical Data at 
Baseline

Initial Diagnosis AD 
(n=79)

NAD 
(n=58)

Total 
(n=137)

Sex, Male% 49.4% 50.6% 48.2%

Age, years 62.2 ± 9.9 60.7 ± 9.7 61.6 ± 9.8

Age at onset, years 59.4 ± 
10.3

58.2 ± 10.3 58.9 ± 10.2

Duration, years 2.9 ± 2.4 2.5 ± 2.3 2.7 ± 2.3

Education, years 7.6 ± 4.2 7.5 ± 3.7 7.6 ± 4.0

MMSE score 13.3 ± 7.1 17.2 ± 8.9 a 14.9 ± 8.1

CSF Aβ42 (pg/mL) 619 ± 268 703 ± 382 655 ± 322

CSF t-tau (pg/mL) 448 ± 292 b 276 ± 246 375 ± 286

CSF p-tau181 (pg/mL) 72 ± 44 c 51 ± 33 63 ± 41

Notes: Data are presented as mean ± S.D. or percentage (%); aAD < NAD 
(p<0.01); bAD > NAD (p<0.001); cAD > NAD (p<0.01). 
Abbreviations: AD, Alzheimer’s disease; CSF, cerebrospinal fluid; MMSE, Mini- 
Mental State Examination; NAD, non-Alzheimer’s disease.

Table 3 Distribution of Cerebrospinal Fluid Biomarker AT(N) 
Profiles in Groups

Biomarker 
Category

AT(N) 
Profile

AD 
(n=79)

NAD 
(n=58)

Total 
(n=137)

Alzheimer’s 

continuum

A+T+(N)+ 11 4 15

A+T+(N)- 2 0 2

A+T-(N)+ 5 2 7

A+T-(N)- 24 17 41

Number (%) 42 

(64.6)

23 

(35.4)

65

NAD pathologic 

change

A-T+(N)+ 20 6 26

A-T+(N)- 3 1 4

A-T-(N)+ 4 3 7

Number (%) 27 

(73.0)

10 

(27.0)

37

Normal AD 

biomarker

A-T-(N)- 10 25 35

Number (%) 10 

(28.6)

25 

(71.4)

35

Note: Data expressed as integral numbers and percentage (exhibited with brack-
ets, the respective proportion of AD group and NAD group in the total 
participants). 
Abbreviations: AD, Alzheimer’s disease; NAD, non-Alzheimer’s disease.
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diagnosis was revised to mixed dementia. Further analy-
sis (Figure 2A) revealed that the Alzheimer’s continuum 
category made up the majority of both Group Stable AD 
(n=38, 66%) and Group Change NAD to AD (n=15, 
94%). Normal AD biomarker category was predominant 
in Group Stable NAD (n=24, 59%) in contrast to the 
other 2 categories. With respect to Group Change AD to 
NAD, 52% of the CSF results (n=11) showed NAD 
pathologic change, 29% showed Alzheimer’s continuum, 
and the remaining 19% belonged to normal AD biomar-
ker category. Illustrated from Figure 2B and C, the 
Final AD group (n=74) was comprised of 53 individuals 
with Alzheimer’s continuum (72%), 16 with NAD patho-
logic change (21%), and 5 with normal AD biomarker 
(7%). Meanwhile, the 3 categories took up 19%, 33% 
and 48% in the Final NAD group (n=63), respectively.

Impact of CSF AT(N) Profile on 
Diagnostic Confidence
An overview of the impact of CSF AT(N) framework on 
diagnostic confidence in 5 diagnostic subgroups as well as 
Group Final AD and Group Final NAD was exhibited in 
Table 4. Among the 5 diagnostic subgroups, CSF AT(N) 
profiles had the greatest effect on confidence in Group 
Change NAD to AD, which increased by 18.5 ± 8.3%. 
As described in Table 4, the post-CSF confidence was 
evidently comparable with the pre-CSF confidence in 
Group Stable AD, Group Stable NAD and Group Change 
NAD to AD (p<0.0001; p<0.0001; p<0.0001), whereas no 
significant differences were found in the other two groups. 

On the whole, after given CSF AT(N) profiles the average 
diagnostic confidence increased from 70.6% to 80.4%.

More specifically, 81.5% of 65 individuals with CSF 
profiles of Alzheimer’s continuum were finally diagnosed 
as AD (Group Stable AD (n=38) and Group Change NAD 
to AD (n=15)), showing a remarkable leap in the diagnos-
tic confidence post-CSF disclosure (p<0.0001; p<0.0001) 
(Figure 3A). On the other hand, in 37 individuals whose 
CSF profiles indicating NAD pathologic change, Group 
Stable NAD (11.5%) and Group Change AD to NAD 
(8.3%) both exhibited a moderate rise in confidence, 
which was lower than that in Alzheimer’s continuum 
(Figure 3B). About 68.6% of the individuals with 
normal AD biomarker maintained the diagnosis of NAD 
and the confidence increased by 10.7%. Interestingly, the 
post-CSF confidence exhibited apparent descending trends 
compared to pre-CSF confidence in individuals with con-
sistent diagnosis of AD and those who were revised as 
NAD (Figure 3C).

It was apparent that Alzheimer’s continuum contribu-
ted most to individuals with a final diagnosis of AD 
(Figure 4A), reaching an average increase of 17.5% in 
confidence and a post-CSF confidence of 88.8%. The ris-
ing confidence overwhelmed the changes caused by the 
other two categories. On the contrary, as displayed in 
Group Final NAD (Figure 4B), NAD pathologic changes 
and Normal AD biomarker seemed to play more an impor-
tant role in raising diagnostic confidence than Alzheimer’s 
continuum (p<0.001; p<0.05). It was demonstrated that the 
post-CSF confidence had a significant elevation compared 
to pre-CSF confidence in both Group Final AD and Group 

Figure 1 Revision of initial diagnosis post-CSF biomarker disclosure based on the AT(N) framework.
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Final NAD (p<0.0001; p<0.0001) (Figure 4C). Taken alto-
gether, these results indicated that disclosure of CSF 
AT(N) profiles could have remarkable influence on the 
diagnostic process of AD and other related cognitive 
disorders.

Discussion
In the present study, the prospective design with clinical 
and biochemical interpretation made possible realistic eva-
luation of the impact of CSF AT(N) framework in Chinese 
Han population with cognitive disorders. About 28% of 
the primary diagnoses were changed post-CSF biomarker 
disclosure. We found that knowledge of clinical data and 

positive amyloid pathology (A+) are contributable to 
a more confident diagnosis of probable AD. On occasion 
of negative amyloid pathology (A-), with or without tau 
pathology, clinicians are more likely to exclude the possi-
bility of AD or lower the corresponding confidence of 
primary AD diagnosis. However, it fails to provide more 
diagnostic clues of other types of dementia.

Prior investigations have demonstrated that CSF 
biomarker results are consistent with clinical diagnosis 
in about two thirds of the AD patients.8,26 In our 
cohort, the matching proportion was approximately 
72%, which was moderately higher. A similar investi-
gation enrolling 109 participants conducted by Kester 

Figure 2 Distribution of cerebrospinal fluid (CSF) biomarker profiles based on the AT(N) framework in different diagnostic groups. (A) Distribution in five diagnostic 
subgroups: Group Stable AD, Group Change AD to NAD, Group Change NAD to AD, Group Stable NAD, Group Change NAD to NAD; (B) Distribution in Group 
Final AD; (C) Distribution in Group Final NAD. Notes: Alzheimer’s continuum (orange), Non-AD pathologic changes (yellow), normal AD biomarkers (light green).
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et al showed that the CSF biomarker disclosure only 
changed 10% of the diagnosis.27 Another large-scale 
multicenter CSF study involving 561 patients per-
formed by Mouton-Liger et al exhibited a diagnostic 
change of 26.7%.16 Similar to the latter finding, our 
result revealed a diagnostic change of 28%. The dis-
crepancy in different studies is possibly to be influ-
enced by sampling time, clinical data and clinical 
experience. Generally, the overall diagnostic confi-
dence of the patients finally diagnosed with AD all 
showed an ascending trend. Kester et al found that 
the confidence in diagnosis elevated from 51% to 
73% in reference to CSF biomarker profiles.27 

Another small-scale study reported an increase in 

confidence from 77.4% to 86.2%.28 Close to the latter 
finding, the confidence of Group Final AD (n=74) in 
our study increased from 71.9% to 84.2%. Considering 
these different findings, we supposed that the umbrella 
term, Alzheimer’s continuum, may influence the diag-
nostic decision to some extent because the presence of 
Aβ pathology incorporates a larger disease spectrum 
due to AD. Notably, a portion of the AD participants 
in this study were younger than the prevalent age 
of AD in Chinese Han population. One reason for 
this age bias was because younger patients were more 
willing to receive lumbar puncture in clinical practice. 
Another reason is that old Chinese patients are not 
willing to accept lumbar puncture for it is an invasive 

Figure 3 Different changes in diagnostic confidence post-CSF AT(N) profile disclosure compared to pre-CSF disclosure in five diagnostic subgroups. (A) Alzheimer’s 
continuum; (B) Non-AD pathologic change; (C) Normal AD biomarkers. Notes: Group Stable AD (dark blue line), Group Change NAD to AD (orange line), Group Stable 
NAD (grey line), Group Change AD to NAD (yellow line), Group Change NAD to NAD (light blue line). “*” and “****” stand for p<0.05 and p<0.0001, respectively.
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examination. It would be interesting to study how CSF 
biomarkers aid in the diagnosis of early-onset AD 
cases (<65 years). Since the populations of some of 
the previous works seem to be older and thus more 
representative of typical AD, our result may be less 
representative because we did not specify any age 
range in this study. Nevertheless, this is only 
a preliminary study and further large-scale study with 

stratification analysis of each age distribution is 
required in the future.

Speaking of the cutoff values for CSF AD biomarkers, 
it should be suggested to use age-adjusted cutoff values. 
We reviewed previous literatures on cutoff values of 
CSF AD biomarkers between AD and controls and noticed 
that the values vary in populations and centers and largely 
depend on the sample size.29–32 Such CSF studies are less 

Figure 4 Different changes in diagnostic confidence due to three pathological interpretations of the AT(N) framework and total changes both in Group Final AD and Group 
Final NAD. In the upper two boxes: Alzheimer’s continuum (orange line), Non-AD pathologic changes (yellow line), Normal AD biomarker (light green line). In the lower 
box: Final AD (red line), Final NAD (dark green line). (A) Group Final AD; (B) Group Final NAD; (C) Total participants. “***” and “****” stand for p<0.001 and p<0.0001, 
respectively.
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conducted in Asian populations and are often hampered by 
small sample sizes,33,34 generally speaking, yet there are 
no unified standard cutoff values for CSF AD biomarkers 
in Chinese Han population. Therefore, we chose the well- 
established Belgium cutoff values to classify the results. 
Furthermore, the fact that biomarker values are associated 
with age is also connected to the fact that AD onset is 
associated to age, which raises great importance in using 
age-adjusted cutoff values for CSF AD biomarkers so as to 
define the CSF biomarker results in a more reasonable and 
representative way.

Our study showed that 81.5% of the patients with 
Alzheimer’s pathology were considered AD and the CSF 
biomarker results raised an increase of 17.5% in diagnostic 
confidence, which highlighted the critical role of amyloi-
dosis in the AD pathogenesis. In the absence of direct 
pathologic evidence, biomarkers indicating Alzheimer’s 
pathology significantly increase the confidence of AD 
diagnosis. In the other 18.5% of the NAD patients, the 
general diagnostic confidence was hardly affected. 
Previous findings showed that AD pathologic changes 
may also occur in cases of FTD, DLB, VaD and cortico- 
basal degeneration (CBD).8 The overlapping AD patholo-
gic change may be caused by mixed pathologies, particu-
larly common in elder patients.35 For instance, some 
pathological research confirmed amyloidosis in brains of 
severe DLB patients,36–38 while senile plaques and NFTs 
in brains of progressive non-fluent aphasia (PNFA) 
patients were also observed,39 which verified the role of 
amyloid protein and phosphorylated tau in the pathogen-
esis of other types of dementia.40,41 Therefore, the pre-
sence of mixed pathology should be considered when 
encountering atypical cases or elder patient, which 
requires more clues to diagnose or exclude AD.

When the CSF biomarkers exhibit as merely non- 
specific neurodegeneration pathology with or without 
phosphorylated tau, the diagnostic confidence of NAD 
increases. About 56.8% of the 37 patients with CSF bio-
markers indicating NAD pathologic change were finally 
diagnosed with NAD. The confidence increased by 9.8% 
on the whole. Especially in cases that changed from AD to 
NAD, the confidence mildly increased from 67.2% to 
75.5%. In patients with uncertain diagnosis of AD, CSF 
biomarkers lacking amyloid pathology are likely to assist 
in revising instead of maintaining the original diagnosis. 
On the contrary, in patients with more confident diagnosis 
of AD, while maintaining the diagnosis, the mismatch in 

CSF results and clinical data would lead to the decrease in 
confidence.

The normal AD biomarker category contributes to 
maintaining the diagnosis of NAD. About 68.6% of the 
total 35 patients with negative CSF biomarker results kept 
the original diagnosis and the confidence increased by 
10.7%. Meanwhile, the average confidence of patients 
with Initial AD who kept their original diagnosis reduced 
from 75.0% to 68.8% in reference to normal AD biomar-
kers. In general, evidence of normal AD biomarker only 
helps to exclude the possibility of an AD diagnosis 
whereas it cannot provide clues of other types of dementia. 
Hence, the lowered diagnostic confidence due to normal 
CSF results could remind clinicians to adjust diagnostic 
and therapeutic strategies.

Nevertheless, there were some limitations in our study. 
First of all, level of confidence is a subjective reflection of 
the opinions and behaviors due to clinicians, the value of 
which could be biased by personal knowledge and clinical 
experience. However, a definite diagnosis of dementia case 
is rare in clinical practice. Numerical confidence could 
bring ecologically objective data to quantify diagnostic 
certainty and provide therapeutic strategies that are avail-
able for AD as well as discriminating from other types of 
dementia. Besides, advanced evidence shows that the CSF 
Aβ42/Aβ40 ratio is considered a more reliable marker of 
brain amyloidosis.42 However, we did not include this 
candidate marker in the present study. This promising 
CSF biomarker is probably more valuable than CSF Aβ42 

alone in the routine diagnostics of AD. Further studies in 
regards of the diagnostic impact of the CSF Aβ42/Aβ40 

ratio as well as other surrogate biomarkers are expected, 
such as blood biomarkers (blood Aβ, blood p-tau and t-tau, 
neurofilament, Aβ oligomerizations). In addition, although 
the total sample of AD patients and individuals with 
related cognitive disorders is relatively large in the present 
study, the numbers of respective NAD dementia are not 
big enough to compare with AD. This limits the categor-
ized discussion of how CSF AT(N) framework 
distinguished AD from related cognitive disorders. We 
expect a larger sample size to be further analyzed. There 
is another technical limitation of the study. We used man-
ual INNOTEST ELISA to test CSF biomarkers, which is 
a non-automated assay. This method suffers from rela-
tively high (kit and operator) variability and therefore the 
use of the cut-points provided by the manufacturer might 
result in decreased performance. Since automated plat-
forms such as Lumipulse (Fujirebio) provide better 
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reproducibility by minimizing the preanalytical steps, we 
are considering taking the advanced method to improve 
the performance in future studies.

Conclusion
To the best of our knowledge, our work provides the first 
comprehensive assessment of the diagnostic capability of 
CSF AT(N) framework in Chinese Han population with 
cognitive disorders. Our results imply that using CSF 
AT(N) framework can assist clinicians in increasing con-
fidence and differential diagnosis in AD. In general, the 
added value of CSF biomarkers in early diagnosis and 
effective intervention for AD are required to be further 
investigated.
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