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Abstract
The soluble amyloid protein procurer α (sAPPα) and β (sAPPβ) have been postulated as promising new cerebrospinal fluid 
(CSF) biomarkers for Alzheimer’s disease (AD) and multiple other neurodegenerative diseases, but have failed to meet 
expectations with their often discordant and even contradictory findings to date. The aim of the study was to systematically 
explore this issue. Cochrane Library, PubMed, and CNKI were systematically searched without language or date restrictions. 
This network meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines and also adhered to the Meta-analysis Of Observational Studies in Epidemiology (MOOSE) guidelines. Twenty 
studies, comprising ten groups, were eligible and included. Overall, 19 eligible studies with 1634 patients contributed to the 
analysis of CSF sAPPα levels and 16 eligible studies with 1684 patients contributed to the analysis of CSF sAPPβ levels. 
CSF sAPPβ levels are significantly higher in AD than in corticobasal syndrome (CBS) and progressive supranuclear palsy 
(PSP); higher in Control than in Depression, CBS and PSP; higher in Parkinson’s disease dementia (PDD) than in CBS and 
PSP; higher in mild cognitive impairment progressed to AD dementia during the follow-up period (pMCI) than in Depres-
sion and PSP; higher in stable mild cognitive impairment (sMCI) than in Depression. With regard to CSF sAPPα levels, 
there were no significant difference among groups. However, surprisingly, the resultant rankings graphically showed that 
pMCI populations have the highest levels of CSF sAPPα and sAPPβ. Furthermore, it seemed there was a positive correla-
tion between CSF sAPPα and sAPPβ levels. The measurement of CSF sAPPα and sAPPβ levels may provide an alternative 
method for the diagnosis of early-stage AD, pMCI, which is conducive to preventive therapy.
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Introduction

Neurodegenerative diseases such as Alzheimer’s disease 
(AD) are characterized by the progressive loss of region-
specific neurons in the brain. Although the high failure 
rate of drug research and development for AD, the amyloid 
cascade hypothesis was still the focus of pharmaceutical 
giants’ attention (Kodamullil et al. 2017). According to the 
hypothesis, the cleavage of amyloid protein procurer (APP) 
generates amyloid-β (Aβ), soluble APPβ (sAPPβ) (Chow 
et al. 2010), and soluble APPα (sAPPα) (O’Brien and Wong 
2011). Generally, sAPPα involves numerous physiological 
functions in the brain (Habib et al. 2017), impedes the gen-
eration of Aβ (Deng et al. 2015). By comparison, sAPPβ 
contributes to degeneration in AD (Nikolaev et al. 2009). 
Furthermore, sAPPα has shown 100-fold more potent than 
sAPPβ in protecting hippocampal neurons against excitotox-
icity and Aβ toxicity (Furukawa et al. 1996).

Currently, it is noteworthy that more and more studies 
have reported CSF sAPPα and sAPPβ levels in multiple 
other neurodegenerative diseases, such as dementia with 
Lewy bodies (DLB) (Mulugeta et al. 2011), frontotemporal 
dementia (FTD) (Steinacker et al. 2009; Gabelle et al. 2011; 
Perneczky et al. 2011; Magdalinou et al. 2015; Alcolea et al. 
2017), Parkinson’s disease dementia (PDD) (Mulugeta et al. 
2011; Magdalinou et al. 2015), progressive supranuclear 
palsy (PSP) (Magdalinou et al. 2015; Alcolea et al. 2017), 
and even in corticobasal syndrome (CBS) (Magdalinou et al. 
2015; Alcolea et al. 2017), mild cognitive impairment (MCI) 
(Post et al. 2006; Fellgiebel et al. 2009; Hertze et al. 2010; 
Perneczky et al. 2011; Alexopoulos et al. 2012; Lewczuk 
et al. 2012; Araki et al. 2017), depression (Post et al. 2006; 
Hertze et al. 2010), and the healthy elderly (Lannfelt et al. 
1995; Peskind et al. 1997; Fellgiebel et al. 2009; Hertze 
et al. 2010; Mulugeta et al. 2011; Alexopoulos et al. 2012; 
Lewczuk et al. 2012; Popp et al. 2012; Miyajima et al. 2013; 
Taverna et al. 2013; Tsolakidou et al. 2013; Cuchillo-Ibañez 
et al. 2015; Magdalinou et al. 2015; Moriya et al. 2015; 
Alcolea et al. 2017; Araki et al. 2017). Nevertheless, up to 
now, the CSF sAPPα and sAPPβ levels of AD (Perneczky 
et al. 2014) and these neurodegenerative diseases are still 
discordant and even contradictory. How exactly are the CSF 
sAPPα and sAPPβ levels alter in these diseases?

Comparing to traditional meta-analysis, network meta-
analysis (NMA) allows for the synthesis of direct and 
indirect evidence to compare multiple diseases in a single 
analysis simultaneously. Therefore, we conducted an NMA 
to systematically evaluate the changes of CSF sAPPα and 
sAPPβ levels in AD and multiple other neurodegenerative 
diseases.

Methods

Search Strategy and Selection Criteria

We did the NMA using a frequentist model, according to 
the PRISMA guidelines (Moher et al. 2009), the MOOSE 
guidelines (Stroup et al. 2000), and the Cochrane Handbook. 
Two of us (Tang, W., Wang, Y.) searched PubMed, CNKI, 
and the Cochrane Library, without language or date restric-
tions, using keywords and MeSH terms: Alzheimer disease, 
dementia, neurodegenerative disease, vascular dementia, 
frontotemporal degeneration, dementia with Lewy bodies, 
Parkinson disease with dementia, progressive supranuclear 
palsy, corticobasal syndrome, mild cognitive impairment, 
depression, soluble amyloid protein precursor, and cerebro-
spinal fluid. The PubMed search string was (((Alzheimer 
disease) OR dementia OR depression OR (neurodegenera-
tive disease) OR (vascular dementia) OR (mild cognitive 
impairment) OR (frontotemporal degeneration) OR (demen-
tia with Lewy bodies) OR (Parkinson disease with demen-
tia) OR (progressive supranuclear palsy) OR (corticobasal 
syndrome)) AND (soluble amyloid protein precursor) AND 
(cerebrospinal fluid)). Furthermore, we manually screened 
the reference lists of studies with potential relevance and 
review articles.

Since MCI can be subdivided into sMCI (stable mild cog-
nitive impairment) and pMCI (mild cognitive impairment 
progressed to AD dementia during the follow-up period), 
we include sMCI and pMCI populations in our research. 
The included studies should meet the following criteria: (1) 
Provided detailed procedures and criteria for the diagnosis 
of AD and multiple other neurodegenerative diseases. (2) 
Reported mean, SD or SEM of CSF sAPPα or sAPPβ lev-
els. (3) Included both females and males. Exclusion crite-
ria were: (1) Letters, commentaries, editorials, reviews. (2) 
Unable to judge whether it were sAPPα or sAPPβ levels for 
lack of related information. Additionally, if multiple publica-
tions existed for the same study, we included the publication 
with more complete outcome data. In the end, the remaining 
20 studies were included in the NMA (Fig. 1).

Data Analysis

Two investigators (Tang and Wang) initially screened the 
titles and abstracts, subsequently reviewed full-text versions 
of the potentially eligible studies. Disagreements between 
the investigators concerning the decision to exclude or 
include a study were resolved through discussions. If neces-
sary, we sought the suggestions of another two investigators 
(Cheng and Yao) for further discussion. Two investigators 
(Yao and Zhou) independently extracted the data from the 
primary texts and supplementary materials, which were 
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recorded on a standard spreadsheet that contained fields for: 
title, first author, year of publication, country, study design, 
groups, number of patients in each group, age, number of 
men and women, concentrations and assessment methods for 
CSF sAPPα and sAPPβ levels (appendix 1). Two investiga-
tors (Tang and Wang) independently assessed the quality 
of evidence using both the Newcastle–Ottawa scale (NOS) 
(Wells et al. 2011) and the Cochrane Collaboration’s tool. 
Disagreements were resolved by consensus, and if necessary, 
consultation with two other investigators (Yao and Guan).

We did two types of meta-analysis. First, we used the 
traditional pairwise meta-analysis to analyze direct compari-
sons. A random effects model was applied because of more 
conservative estimated effects. As all results were extracted 
as continuous outcomes, we calculated the summary effect 
sizes as standardized mean differences (SMD), with 95% 
CI. We assessed the heterogeneity among studies with the 
Cochran’s Q test and the I2 statistic (DerSimonian and Laird 
2015). Secondly, we did random-effects NMA. The resultant 
rankings are presented graphically with surface under the 

cumulative ranking (SUCRA) probabilities. Large SUCRA 
scores indicate a higher CSF sAPPα or sAPPβ levels.

Additionally, meta-regression was used to explore the 
possible factors that could significantly affect the results. 
Moreover, three sensitivity analyses were undertaken. First, 
exclude studies published before 2010. Second, exclude 
studies with more than one item indicating a high risk 
of bias assessed by the Cochrane risk of bias tool. Third, 
exclude studies in which any group contained fewer than 
15 participants.

For the traditional meta-analysis, we used Cochrane 
Collaboration review manager software, version 5.3.5, and 
STATA, version 14.1. For NMA we used STATA, version 
14.1. The NMA was not registered.

Fig. 1   PRISMA flowchart of 
the literature search
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Results

After screening 305 publications, we identified 20 eligible 
studies (Fig. 1), comprising ten groups (AD, pMCI, sMCI, 
DLB, FTD, PDD, PSP, CBS, Depression, and no neuro-
logical disorders Control), a total of 1 899 participants. We 
didn’t find the studies about CSF sAPPα or sAPPβ level in 
VaD populations. Characteristics of the included studies are 
presented in Table 1. The methodological quality assessment 
of the included studies was presented in eTable 1, appendix 
2. The risk of bias graph and summary for included studies 
were presented in eFig. 1, 2, appendix 2.

A total of 19 eligible studies were included in the com-
parison of CSF sAPPα levels among the 10 groups. We did 
direct comparisons with regard to the CSF sAPPα levels 
(eTable 2, 3, appendix 2). The CSF sAPPα levels were sig-
nificantly lower in CBS than in AD (SMD = −0.85; 95% CI 
−1.53, −0.18), lower in PSP than in AD (SMD = −0.77; 
95% CI −1.30, −0.23), higher in Control than in CBS 
(SMD = 0.95; 95% CI 0.28, 1.61), higher in PDD than in 
CBS (SMD = 0.96; 95% CI: 0.30, 1.63), lower in PSP than 
in Control (SMD = −0.87; 95% CI −1.39, −0.35), higher 
in pMCI than in Control (SMD = 1.77; 95% CI 0.18, 3.36), 
higher in pMCI than in FTD (SMD = 1.53; 95% CI 0.79, 
2.27), higher in sMCI than in FTD (SMD = 0.80; 95% CI 
0.19, 1.41), lower in PSP than in PDD (SMD = −0.88; 
95% CI −1.40, −0.37), lower in sMCI than in pMCI 
(SMD = −0.52; 95% CI −0.96, −0.07). Additionally, Fig. 2a 
graphically represents the network of eligible comparisons 
for CSF sAPPα levels of the NMA. However, the 95% CI 
and 95% predictive interval (PrI) for the SMD includes zero 

for all comparisons, indicating a lack of statistically signifi-
cant difference among the 10 groups regarding CSF sAPPα 
levels (eTable 2, eFig. 3, appendix 2). Besides, plots of the 
SURCA, rank probability, ranking plot, and contribution plot 
were presented in eFig. 4, 5, 6, and eTable 4, appendix 2. It 
is noteworthy that the pMCI populations ranked the best in 
terms of CSF sAPPα levels. Moreover, as shown in eFig. 7, 
appendix 2, there were no statistically significant inconsist-
ency in most loops within the NMA.

We did direct comparisons with regard to the CSF sAPPβ 
levels in 16 eligible studies (eTable 5, 6, appendix 2). The 
CSF sAPPβ levels were significantly lower in CBS than in 
AD (SMD = −1.07; 95% CI −1.81, −0.33), lower in Control 
than in AD (SMD = −0.50; 95% CI −0.88, −0.11), lower 
in PSP than in AD (SMD = −1.04; 95% CI −1.88, −0.21), 
higher in Control than in CBS (SMD = 1.02; 95% CI: 0.62, 
1.43), lower in Depression than in Control (SMD = −0.51; 
95% CI −1.01, −0.02), lower in PSP than in Control 
(SMD = −1.03; 95% CI −1.37, −0.68), higher in pMCI 
than in Control (SMD = 1.99; 95% CI 0.28, 3.70), higher 
in pMCI than in Depression (SMD = 0.56; 95% CI 0.09, 
1.03), higher in pMCI than in FTD (SMD = 1.49; 95% CI 
0.75, 2.23), higher in sMCI than in FTD (SMD = 0.83; 95% 
CI 0.22, 1.45), lower in PSP than in PDD (SMD = −0.73; 
95% CI −1.24, −0.23). It is noteworthy that the CSF 
sAPPβ levels were nearly statistically significantly lower in 
sMCI than in pMCI (SMD = −0.53; 95% CI −1.07, 0.02). 
Moreover, Fig. 2b graphically represents the network of 
eligible comparisons for CSF sAPPβ levels of the NMA. 
eTable 5 and eFig. 8, appendix 2, displayed that the CSF 
sAPPβ levels were significantly lower in CBS than in AD 
(SMD = −388.10; 95% CI −535.73, −240.46), lower in PSP 

A B

Fig. 2   Network of eligible comparisons for CSF sAPPα and sAPPβ 
levels network meta-analysis. The size of nodes is proportional to 
the total sample size of each subject, and the width of lines is pro-
portional to the number of studies compared in every pair of popula-
tions. AD Alzheimer’s disease, CBS corticobasal syndrome, Control 

no neurological disorders control, DLB dementia with Lewy bodies, 
FTD frontotemporal dementia, PDD Parkinson’s disease dementia, 
PSP progressive supranuclear palsy, pMCI MCI progressed to AD 
dementia during the follow-up period, sMCI stable mild cognitive 
impairment
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than in AD (SMD = −238.18; 95% CI −298.20, −178.17), 
higher in Control than in CBS (SMD = 97.89; 95% CI 
20.74, 175.03), higher in PDD than in CBS (SMD = 80.00; 
95% CI 6.09, 153.91), lower in Depression than in Con-
trol (SMD = −71.88; 95% CI −140.42, −3.35), lower in 
PSP than in Control (SMD = −79.89; 95% CI −128.59, 
−31.18), higher in pMCI than in Depression (SMD = 56.00; 
95% CI 12.36, 99.64), higher in sMCI than in Depression 
(SMD = 44.00; 95% CI 3.68, 84.32), lower in PSP than in 
PDD (SMD = −62.00; 95% CI −105.40, −18.60), higher in 
pMCI than in PSP (SMD = 64.00; 95% CI 1.54, 126.47). 
Plots of the SURCA, rank probability, ranking plot, and 
contribution plot were presented in eFig. 9, 10, 11, and eTa-
ble 7, appendix 2. The pMCI populations ranked the best in 
terms of CSF sAPPβ levels as well. Nonetheless, the results 
should be interpreted with caution because only the NMA 
comparisons between the pMCI populations with Depres-
sion populations and PSP populations reached statistical sig-
nificance. Besides, inconsistency plot was given in eFig. 12, 
appendix 2.

Separate contributions to the overall results of sAPPα and 
sAPPβ were shown in Fig. 3. Moreover, we ranked the 10 
groups according to both dimensions of sAPPα and sAPPβ 
(Fig. 4). pMCI populations have higher levels of CSF sAPPα 
and sAPPβ, as it lay in the upper right corner. In contrast, 
DLB, FTD, PSP, and CBS populations tended to have lower 
levels as they mostly in the lower left corner of the figure. 
Furthermore, it seemed there was a positive correlation 
between CSF sAPPα and sAPPβ levels.

The meta-regression with sAPPα (AD vs. Control) indi-
cated that the detection method and total NOS score could 

not lead to significant changes in the results, except for pub-
lication year (P = 0.005). By comparison, the meta-regres-
sion with sAPPβ (AD vs. Control) indicated that publication 
year, detection method and total NOS score could not lead to 
significant changes in the results. Moreover, for other com-
parisons, it was impossible to undertake meta-regression 
further owing to the limited number of studies.

For sAPPα, sensitivity analysis of sample size and quality 
of the included studies showed that most results were sta-
ble, whereas sensitivity analysis of publication year showed 
more changes (eTable 2, appendix 2). In contrast, for sAPPβ, 
the results of sensitivity analysis were diametrically oppo-
site (eTable 5, appendix 2). Owing to the fewer number of 
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Fig. 3   CSF sAPPα and sAPPβ levels profile according to network meta-analysis
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studies included in each comparison, we only did subgroup 
analysis to investigate the effect of detection method to AD 
vs. Control. There was no significant difference of CSF 
sAPPα levels between AD and Control in ELISA subgroup 
and MSD (a multiplexing assay of Meso Scale Discovery) 
subgroup (eFig. 13, appendix 2). However, the CSF sAPPα 
levels were significantly lower in AD than Control in WB 
(western blotting) subgroup (SMD = −1.83; 95% CI −3.08, 
−0.58), higher in IP (immunoprecipitation) +ELISA sub-
group (SMD = 1.26; 95% CI 0.41, 2.10). On the other hand, 
because of the fewer included studies in the two subgroups 
mentioned above, we could not make a definitive conclu-
sion. By contrast, in eFig. 14, appendix 2, the CSF sAPPβ 
levels were statistically higher in AD than Control in ELISA 
subgroup (SMD = 0.99; 95% CI 0.11, 1.88). Nonetheless, 
there was no significant difference in IP + ELISA subgroup 
and MSD subgroup, although CSF sAPPβ levels were sig-
nificantly higher in AD subgroup overall (SMD = 0.50; 95% 
CI 0.11, 0.88). Finally, visual inspection of funnel plots 
for sAPPα and sAPPβ did not show distinct asymmetry 
(eFig. 15, 16, appendix 2).

Discussion

According to the Global Burden of Disease Study 2016, the 
number of individuals with AD and other dementias was 
approximately 43.8 million worldwide, comprising 27.0 
million women and 16.8 million men (GBD 2015 Disease 
and Injury Incidence and Prevalence Collaborators 2016; 
GBD 2016 Dementia Collaborators 2019). Moreover, as 
population age, the number was projected to increase to 
over 131 million by 2050. In addition, global deaths due 
to AD and other dementias were about 1.9 million in 2015 
(GBD 2015 Mortality and Causes of Death Collaborators 
2016), increased to approximately 2.4 million in 2016 (GBD 
2016 Causes of Death Collaborators 2017). AD and other 
dementias ranked fourth among the leading causes of death 
globally, increasing sources of health burden (GBD 2016 
Causes of Death Collaborators 2017). AD belongs to a large 
group of neurodegenerative diseases which characterized by 
progressive cognitive impairment and synaptic damage with 
neuronal loss. Nowadays, AD is at the forefront of biomedi-
cal research. Various hypotheses have emerged to explain 
underlying pathology, of which amyloid hypothesis is a 
dominant one.

CSF sAPPα and sAPPβ have been postulated as promis-
ing new CSF biomarkers for AD and multiple other neurode-
generative diseases, but have failed to meet expectations with 
their often contradictory findings. Except for comparisons 
between AD and healthy elderly control, the number of stud-
ies that analyzed other neurodegenerative diseases was still 

relatively small. To our knowledge, to date, although there 
was a traditional pairwise meta-analysis from Olsson et al., 
which only compared CSF sAPPα and sAPPβ levels between 
pMCI and sMCI, no significant difference was found (Olsson 
et al. 2016). What is more, for some comparisons, there was 
no direct comparative research. Hence, traditional pairwise 
meta-analysis is insufficient to elaborate on the changes of 
CSF sAPPα and sAPPβ levels in AD and multiple other 
neurodegenerative diseases. By contrast, NMA allows for a 
more comprehensive assessment, increasing the precision of 
estimates and producing a relative ranking of all diseases for 
the study results. However, there was no NMA performed to 
systematically explore this issue up to now.

In this study, we provided a relative rank order based 
on CSF sAPPα and sAPPβ levels. In terms of sAPPβ, AD, 
as expected, did rank higher compared to CBS, PSP, FTD, 
PDD, DLB, Control, Depression, and sMCI, but ranked 
lower than pMCI unexpectedly. The elevated levels of CSF 
sAPPβ in AD and pMCI populations may be attributed to 
the increased β-secretase activities or/and levels in the brains 
(Cheng et al. 2014). It has been reported that populations 
with pMCI had higher CSF β-secretase activities and levels 
compared to sMCI, AD, and healthy elderly control (Zet-
terberg et al. 2008). On the other hand, it was observed that 
populations with MCI had a higher inflammatory response 
compared to AD (Tarkowski et al. 2003), and the expres-
sion of β-secretase can be upregulated by free radicals and 
inflammatory cytokines (Tamagno et al. 2005; Sastre et al. 
2006). Previously, magnetic resonance imaging researches 
indicated that, compared to populations with pMCI, ven-
tricular size of AD was enlarged because of the reduction 
of regional brain volume (de Leon et al. 2004; Kantarci 
et al. 2007). The enlarged ventricular size could increase 
CSF volume. Accordingly, the concentrations of β-secretase 
and sAPPβ would be more diluted in populations with AD 
compared to pMCI. By contrast, in terms of CSF sAPPα, 
AD only ranked higher than CBS, PSP, DLB, and FTD, but 
lower than PDD, Control, sMCI, Depression, and pMCI. 
The differences among CBS, PSP, DLB, FTD, AD, PDD, 
Control, sMCI, Depression, and pMCI were not statistically 
significant, revealing similar levels of CSF sAPPα. As for 
the relatively increased concentrations of sAPPα in pMCI 
populations, to our knowledge, there was no clear expla-
nation up to now. Perhaps, APP processing by α-secretase 
was increased in parallel with that by β-secretase, which 
may be a normal protective response of brain, as sAPPα 
possesses neurotrophic and neuroprotective activities (Nhan 
et al. 2015). Of course, further study is required to provide 
profound explanations.

In addition, our findings are consistent with the previous 
studies (Gabelle et al. 2010; Lewczuk et al. 2010; Mulugeta 
et al. 2011; Alexopoulos et al. 2012) that showed a posi-
tive correlation between CSF sAPPα and sAPPβ levels. The 
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enzymes involved in the amyloidogenic and non-amyloido-
genic pathway may be precisely regulated by some kind of 
common upstream mechanism which was upregulated in 
neurodegenerative diseases, particularly at the early stage 
of AD (pMCI), leading to the release of sAPPα and sAPPβ 
increased together. Of course, there may be other reasons. 
For instance, the presence of sAPPf (Efthimiopoulos et al. 
1996; Tezapsidis et al. 1998) (a soluble full-length APP 
containing an intact cytoplasmic domain), sAPP homodi-
mers (sAPPα/sAPPα, sAPPβ/sAPPβ, and sAPPf/sAPPf), 
and sAPP heterodimers (sAPPf/sAPPα, sAPPf/sAPPβ, and 
sAPPα/sAPPβ) should be taken into consideration when 
detect the levels of CSF sAPPα and sAPPβ (Cuchillo-Ibañez 
et al. 2015). Because the 6E10 antibody, a widely used 
antibody that recognizes an epitope present in sAPPα but 
absent in sAPPβ, will detect not only sAPPα but also sAPPf 
(Cuchillo-Ibañez et al. 2015). Moreover, the differences 
of assay kits and assay procedures could also significantly 
affect the detection (van Waalwijk van Doorn et al. 2016). 
Up to now, human CSF sAPPα and sAPPβ has mainly been 
evaluated by WB, ELISA, and MSD. Twenty studies about 
CSF sAPPα and sAPPβ levels were included in our study, 3 
of which were detected by WB, 9 of which were detected by 
ELISA, 8 of which were detected by MSD. Specifically, for 
WB, the antibody used to detect CSF sAPPα was 6E10, rec-
ognizing the N-terminal part; for ELISA, specific anti-APP 
antibodies (IBL, Gunma, Japan) were used to detect CSF 
sAPPα or sAPPβ, recognizing the C-terminal part, except 
for (Peskind et al. 1997); for MSD, the antibody used to 
detect CSF sAPPα was 6E10 as well, except for Taverna 
et al. (used 6E10 and 14D6, simultaneously) (Taverna et al. 
2013). Compared to the 6E10 antibody (SMD = 0.28; 95% 
CI −0.28, 0.85), 14D6 (SMD = 0.75; 95% CI 0.17, 1.33) 
is a sAPPα-specific antibody, allowing a better separation 
of AD from healthy elderly control, although needs larger 
cohorts to verify (Taverna et al. 2013). Notably, the factors 
mentioned above may be the reasons of discordant and even 
contradictory findings between researches as well.

It cannot be ignored that this study has some potential 
limitations. First, evidence in this NMA only originated 
from Germany (8 studies), Japan (3 studies), Spain (2 stud-
ies), Sweden (2 studies), Norway (1 article), Switzerland 
(1 article), UK (1 article), France (1 article), and USA (1 
article). Further studies from other countries are welcomed 
to explore the effect of race on the results. Second, this NMA 
was conducted to evaluate the changes of CSF sAPPα and 
sAPPβ levels in AD and some of the neurodegenerative dis-
eases, but not all of them. Therefore, other neurodegenera-
tive diseases, such as VaD should be deeply researched in 
the future. Third, except for the lack of information about 
random sequence generation, blinding, and other useful 
information, a large portion of the included studies did not 
assess the sensitivity and specificity of sAPPα and sAPPβ 

antibodies. In addition to AD vs. Control, for other compari-
sons, it was impossible to undertake meta-regression fur-
ther owing to the limited number of studies included. On all 
accounts, the main strength of our NMA is its extensive and 
comprehensive literature search and overview of all data. To 
date, it provides the first systematic overview of the changes 
of CSF sAPPα and sAPPβ levels in AD, pMCI, sMCI, FTD, 
PDD, PSP, CBS, Depression, and no neurological disorders 
Control.

In conclusion, our NMA findings demonstrated that the 
measurement of CSF sAPPα and sAPPβ levels may be help-
ful in the diagnosis of early-stage AD, which is conducive to 
preventive therapy. In the future, a multicentre randomized 
trial with optimal and standard detection methods, as well 
as a large sample size, to verify our findings is warranted.
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