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Abstract. Blood tests are in need, in the clinical diagnosis of Alzheimer’s disease (AD) as minimally invasive and less
expensive alternatives to cerebrospinal fluid and neuroimaging methods. On these lines, single molecule array (Simoa)
analysis of amyloid-� (A�42), total tau (t-tau), phospho-tau (p-tau 181), and neurofilament L (NfL) in the plasma samples
of AD subjects, healthy controls (HC), and non-AD subjects was conducted. Findings from this study suggest that a panel
of multiple plasma biomarkers (NfL, A�42, t-tau, and p-tau 181) combined with the clinical assessments could support
differential diagnosis of AD and other dementias from healthy controls.
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INTRODUCTION

Alzheimer’s disease (AD) is the most common
type of dementia [1], with neuropathological hall-
marks of amyloid-� (A�) plaques and neurofibrillary
tangles in the brain [2]. Currently, the diagnosis of
AD requires a combination of clinical evaluation,
neuropsychological assessments, CSF measurements
of A�42, total tau (t-tau), phospho-tau 181 (p-tau
181), and MRI or PET imaging [3]. Despite the
high accuracy presented by these markers, the cost
and invasiveness of these techniques make them less
suitable as screening tools for routine diagnostics.
Therefore, alternatives such as blood are gaining
momentum with the advent of ultrasensitive tech-
niques for biomarker analysis. Research also suggests
that panel of biomarkers present improved perfor-
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mance in terms of sensitivity and specificity over a
single biomarker in characterizing AD [4].

Here, we quantified plasma levels of four proteins
that are relevant to AD such as A�42, t-tau, p-tau 181,
and NfL in AD, Non-AD (NAD), and healthy controls
(HC). The accuracy of these biomarkers and their
combination in the classification of dementia groups
(both AD and NAD) from HC and between AD and
NAD were analyzed. The correlation of biomarkers
with the scores of clinical assessment scales such
as Clinical Dementia Rating (CDR), Hindi Mental
State Examination (HMSE), Neuropsychiatry Inven-
tory (NPI), and Everyday abilities Scale for India
(EASI) were studied.

MATERIALS AND METHODS

Participants

Study participants were selected from the clinical
services of the Geriatric Psychiatry Unit of a ter-
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tiary care center in Bengaluru, India. The study was
approved by Institutional Human Ethics committee,
NIMHANS (IEC Number NIMHANS/IEC (BS &
NS DIV.)/14th MEETING/2018 dated September 17,
2019). Written informed consent was obtained from
all participants. The criteria followed for selection of
participants and clinical assessment scales adminis-
tered are previously described [5]. In brief, NIA-AA
criteria for selection of AD subjects, ICD-10 and
NIA-AA criteria for selection of NAD subjects were
followed. Study participants were assessed through
CDR, HMSE, NPI, and EASI for clinical/cognitive
status.

Quantification of plasma biomarkers by single
molecule array (Simoa)

Non-fasting blood samples were collected into
EDTA vials, plasma fractions separated by centrifu-
gation at 5000 rpm for 20 min and stored as aliquots
at –80◦C, until analysis.

The quantification of NfL, A�42, and p-tau 181
using Simoa HD-X analyzer has been described ear-
lier [5]. Additionally, t-tau in plasma was measured
using Simoa assay kit for t-tau (#101552) following
the manufacturer’s instructions.

Statistical analysis

The data was analyzed using statistical software,
Graphpad Prism, version 8.4 (San Diego, Califor-
nia, USA) and IBM SPSS, version 28.0 (New York,
USA). Based on the distribution, data was analyzed
by Welch’s ANOVA or Kruskal Wallis test for mul-
tiple comparisons. Age of participants and plasma
levels of A�42 followed a normal distribution and

were analyzed by Welch’s ANOVA. The clinical
assessment scores such as HMSE, NPI, and EASI,
and the concentration of plasma NfL, p-tau 181, and
t-tau across the groups were not normally distributed
and were therefore analyzed by Kruskal Wallis test.
The gender and CDR scores of the participants across
the groups were compared using Chi square test.
Correlation between biomarker levels and clinical
assessment scores were analyzed using Spearman’s
correlation method. For all statistical comparisons,
p < 0.05 was considered statistically significant. Mul-
tivariate analysis was performed using binary logistic
regression method to find the best-fitting multivari-
ate model for each comparison group with age as a
covariate. For the individual biomarkers and panels,
receiver operating characteristic (ROC) curve were
produced in terms of sensitivity and specificity of
markers, based on which the area under curve (AUC)
was computed by the software.

RESULTS

Characteristics of participants

The study comprised of 103 participants including
35 healthy controls, 35 AD subjects, and 33 NAD
subjects. The NAD group comprised of 12 frontotem-
poral dementia (FTD), 5 vascular dementia (VaD), 4
Lewy body dementia (LBD), and 12 mixed dementia
(MD) cases. The demographic data of participants
and their clinical assessment scores (CDR, HMSE,
NPI and EASI) are described in Table 1.

Plasma biomarker levels

Cross-sectional comparison of the plasma levels
of biomarkers revealed that the median concentra-

Table 1
Characteristics of the participants

Description HC (n = 35) AD (n = 35) NAD (n = 33) p Multiple comparisons

Age (y) (mean ± SD) 67.43 ± 9.61 70.26 ± 6.88 64.24 ± 7.00 <0.01 AD-NAD (p < 0.01)
Age range (y) 52–88 57–87 50–80 – –
Gender (%)

Male 71.43 45.71 63.64 ns –
Female 28.57 54.29 36.36

CDR score (0/0.5/1/2/3) 35/0/0/0/0 0/0/12/12/11 0/0/15/9/9 <0.001 –
HMSE score (mean ± SD) 29.46 ± 1.62 14.24 ± 7.08 16.82 ± 7.06 <0.0001 HC-AD (p < 0.001)

HC-NAD (p < 0.001)
NPI score (mean ± SD) 0 15.86 ± 16.37 11.45 ± 13.01 <0.0001 HC-AD (p < 0.001)

HC-NAD (p < 0.001)
EASI score (mean ± SD) 0 8.97 ± 2.29 7.48 ± 3.48 <0.0001 HC-AD (p < 0.0001)

HC-NAD (p < 0.0001)
AD-NAD(p < 0.05)

Data represented as mean ± SD. p < 0.05 was considered significant.
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tion of NfL in AD [57.40 (42.55, 78.40) pg/mL;
p < 0.0001; n = 35] and NAD [40.20 (27.90, 94.38)
pg/mL; p < 0.01; n = 33] groups were significantly
higher than that of HC group [29 (15.30, 36.50)
pg/mL; n = 35]. The median concentration of A�42
in AD [3.5 (3, 4.5) pg/mL; n = 30], NAD (4.3 (3.6,
4.9) pg/mL; n = 22], and HC [3.9 (2.9, 4.7) pg/mL;
n = 28] groups were statistically similar. The median
concentration of p-tau 181 in AD [3.57 (2.09, 6.65)
pg/mL; p < 0.0001; n = 30] and NAD [3.41 (2.27,
4.61) pg/mL; p < 0.001; n = 23] groups were sig-
nificantly higher than that of the HC group [1.65
(1.49, 2.15) pg/mL; n = 28]. Significant increase in
plasma NfL and p-tau 181 in AD, with insignificant
changes in plasma A�42 levels across AD, NAD,
and HC groups reported earlier [5] were replicable
in this study, with newly added participants. Fur-
ther, the median concentration of t-tau in AD [2.11
(1.05, 4.00) pg/mL; p < 0.05; n = 35) group was sig-

nificantly higher than that of HC group [0.99 (0.42,
1.88) pg/mL; n = 17] whereas NAD [1.40 (0.83, 2.96)
pg/mL; n = 10] group showed no significant differ-
ence with the HC group (Fig. 1A-D).

Diagnostic accuracy of individual biomarkers
and panels in differentiating dementia groups

The performance of biomarkers in discriminating
the groups were studied by ROC analysis (Table 2).
Among them, NfL had the highest AUC (0.88)
for AD versus HC, closely followed by p-tau 181
(AUC = 0.83) and t-tau (AUC = 0.74). A�42 showed
the least discriminatory power when compared to
other biomarkers. Next, the ROC analysis for com-
bination of biomarkers were conducted by binary
logistic regression. The model comprised of age as
a covariate and NfL since it had the highest AUC,
to which other markers were added in the order

Fig. 1. Box plots showing the levels of plasma biomarkers NfL (A), A�-42 (B), t-tau (C), and p-tau 181 (D) in healthy controls, AD, and
NAD subjects. The central horizontal bars are the median, the lower and the upper boundaries show 25th and 75th percentiles respectively
and the whiskers extend till the minimum and the maximum value of data points. p < 0.05 was considered significant; *p < 0.05, **p < 0.01,
***p < 0.001, and ****p < 0.0001.
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Table 2
Discriminatory value of plasma NfL, A�42, t-tau, and p-tau 181 as single biomarkers and as a part of

plasma biomarker panel with age as a covariate in differentiating the study groups as assessed
using ROC analysis

Variables n AUC (95% CI) Sensitivity Specificity

AD versus HC

NfL 35 versus 35 0.88 (0.79–0.96) 0.85 0.71
A�42 30 versus 28 0.48 (0.45–0.78) 0.50 0.70
t-tau 35 versus 17 0.74 (0.61–0.88) 0.47 0.80
p-tau 181 30 versus 28 0.83 (0.72–0.94) 0.85 0.70
Panel 1 (NfL, p-tau 181) 30 versus 28 0.89 (0.80–0.97) 0.92 0.76
Panel 2 (p-tau 181, A�42) 30 versus 28 0.84 (0.72–0.95) 0.89 0.70
Panel 3 (NfL, p-tau 181, A�42) 30 versus 28 0.91 (0.83–0.99) 0.93 0.76
Panel 4 (NfL, p-tau 181, t-tau) 30 versus 17 0.98 (0.95–1.00) 0.94 0.93
Panel 5 (p-tau 181, t-tau, NfL/A�42) 30 versus 17 0.99 (0.97–1.00) 0.94 0.96

NAD versus HC

NfL 33 versus 35 0.77 (0.65–0.88) 0.80 0.45
A�42 22 versus 28 0.58 (0.43–0.75) 0.75 0.18
t-tau 10 versus 17 0.79 (0.62–0.96) 0.88 0.70
p-tau 181 23 versus 28 0.87 (0.77–0.97) 0.85 0.65
Panel 1 (NfL, p-tau 181) 23 versus 28 0.86 (0.75–0.97) 0.89 0.68
Panel 2 (p-tau 181, A�42) 22 versus 28 0.87 (0.77–0.97) 0.85 0.68
Panel 3 (NfL, p-tau 181, A�42) 22 versus 28 0.86 (0.75–0.97) 0.89 0.71
Panel 4 (NfL, p-tau 181, t-tau) 10 versus 17 0.91 (0.79–1.00) 0.94 0.80
Panel 5 (p-tau 181, t-tau, NfL/A�42) 10 versus 17 0.91 (0.79–1.00) 1.0 0.80

AD versus NAD

NfL 35 versus 33 0.65 (0.51–0.78) 0.64 0.68
A�42 30 versus 22 0.73 (0.61–0.85) 0.54 0.80
t-tau 35 versus 10 0.83 (0.71–0.90) 0.50 0.91
p-tau 181 30 versus 23 0.72 (0.58–0.86) 0.56 0.76
Panel 1 (NfL, p-tau 181) 30 versus 23 0.74 (0.59–0.87) 0.54 0.80
Panel 2 (p-tau 181, A�42) 30 versus 22 0.74 (0.61–0.88) 0.59 0.83
Panel 3 (NfL, p-tau 181, A�42) 30 versus 22 0.74 (0.74–0.98) 0.57 0.76
Panel 4 (NfL, p-tau 181, t-tau) 30 versus 10 0.85 (0.73–0.98) 0.40 0.93
Panel 5 (p-tau 181, t-tau, NfL/A�42) 30 versus 10 0.87 (0.75–0.98) 0.40 0.93

of decreasing AUC values, to assess the changes
in discriminatory power on their addition at each
step. A remarkable increase in AUC was observed
when the biomarkers were combined. It was observed
that the addition of p-tau 181 significantly improved
the discriminatory power between AD and HC with
AUC = 0.89 (Panel 1) and subsequent addition of t-
tau (Panel 4) and NfL/A�42 (Panel 5) to the model
showed a further increase in the AUC, i.e., 0.98 and
0.99 respectively (Fig. 2).

Next, the performance of these biomarkers and
panels in discriminating NAD from HC was studied.
The panel comprising of NfL/A�42, t-tau, and p-tau
181 (Panel 5) has shown an AUC of 0.91 in separating
NAD from HC (Fig. 2) with an improved sensitivity
of 100% and specificity of 80%.

A similar analysis was performed for the differen-
tiation between AD and NAD groups. It was observed
that the performance of analytes was generally less
robust when discriminating AD from NAD (Table 2).
Among the biomarker panels, highest AUC (0.85)

Fig. 2. ROC analysis of the best performing biomarker panel
(NfL/A�-42, t-tau and p-tau 181) in discriminating AD from HC
(AUC = 0.99), NAD from HC (AUC = 0.91), and AD from NAD
(AUC = 0.87).

was achieved with panels 4 (NfL, p-tau 181 and t-
tau) and 5 (NfL/A�42, p-tau 18, and t-tau) (Fig. 2)
which showed a sensitivity of 40% and specificity of
93%.
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Correlation of biomarker and panels with
clinical assessment scores of the subjects

In AD subjects, the plasma NfL levels showed
a significant correlation with CDR (r = 0.3463,
p = 0.0416) and HMSE (r=–0.5073, p = 0.0019)
scores and p-tau 181 levels significantly correlated
with all the clinical scores (CDR: r = 0.5148,
p = 0.0036; HMSE: r = –0.4522, p = 0.0121, NPI:
r = 0.5223, p = 0.0031 and EASI: r = 0.4121,
p = 0.0236). In NAD subjects, only plasma NfL
significantly correlated with the clinical scores; CDR
(r = 0.4639, p = 0.0110) and HMSE (r=–0.4075,
p = 0.0349).

The correlation between biomarker panel (NfL,
A�42, t-tau, and p-tau 181) and clinical scores was
also analyzed. It was observed that this combination
significantly correlated with all the clinical scores
(HMSE: r = 0.6123, p < 0.001; CDR: r = 0.6217,
p < 0.001; NPI: r = 0.5356; p < 0.001 and EASI:
r = 0.4415, p < 0.05), in AD subjects.

DISCUSSION

The overlap of pathology among the clinically
diagnosed subtypes of dementia necessitates the need
for biomarker-based diagnosis in the recruitment for
clinical trials to evaluate therapeutic interventions for
AD and other dementias.

In this study, we evaluated the diagnostic accuracy
of biomarkers such as A�42, t-tau, p-tau 181, and NfL
either as single or in combination in distinguishing
AD from healthy control group as well as other non-
Alzheimer dementias.

Among the biomarkers analyzed, NfL was signif-
icantly higher in both the dementia groups (AD and
NAD) over healthy controls; in which AD exhibited
a higher degree of neurodegeneration than NAD as
indicated by increased NfL levels. NfL is elevated in
several neurodegenerative diseases and is considered
as a general marker of neurodegeneration. It reflects
the degree of axonal damage in neurodegenerative
disorders [6]. Studies have reported a strong cor-
relation between CSF and plasma NfL in dementia
subjects [7, 8] thus justifying plasma measurements.
The t-tau level in plasma was significantly higher
in AD group when compared to that of HC group
whereas NAD group showed only a marginal increase
in tau levels. Tau is a microtubule-associated pro-
tein that regulates the assembly and maintenance of
microtubules under physiological conditions [9]. Ele-
vation of tau levels in CSF suggests active axonal and

neuronal destruction. Plasma t-tau has shown asso-
ciation with cognitive decline and may predict the
development of dementia [10]. p-tau 181 is consid-
ered as a promising biomarker of AD and is reported
to be AD specific though not exclusive. In this study,
a significant elevation of p-tau 181 in plasma was
observed in both the dementia groups; with the high-
est concentration observed in AD. The association
of plasma p-tau 181 with grey matter loss and atro-
phy in regions associated with AD pathology has
been reported [11]. Giacomucci et al, have reported
a strong correlation between plasma and CSF p-tau
levels in AD subjects [12]. The elevated p-tau 181
levels observed in NAD group could be largely due
to the overlapping AD pathology in other dementia
types. There is a large body of literature support-
ing the coincidence/overlap of VaD and AD [13].
The post-mortem brain tissues of clinically diagnosed
LBD cases have revealed the presence of AD-like tau
pathology [14].

In ROC analysis, NfL has shown a good accuracy
in discriminating AD and NAD from HC with AUC
values of 0.88 and 0.77 respectively. t-tau showed an
AUC of > 0.70 in both comparisons. p-tau 181 also
showed a similar accuracy (>0.80) in discriminating
AD and NAD from HC. In either of the comparisons,
A�42 showed the least discriminatory power among
all the biomarkers.

The ROC analysis of HC group versus AD or
NAD had a strong resemblance in the discrimina-
tory efficiency of these biomarkers. This similarity
between the results implicates an overlap of pathol-
ogy between AD and other dementia groups [15].
This was further confirmed by ROC analysis between
AD and NAD groups, in which none of the standalone
biomarkers could reliably distinguish the two groups.

Studies indicate that multivariate biomarker panels
linked to different biological pathways may be able to
detect AD more accurately than individual indicators
given the heterogeneous nature of AD. A recent study
has shown that a combination of A�42/A�40, p-tau
181, NfL, and glial fibrillary acidic protein (GFAP)
could differentiate AD from FTD and LBD [16].

On similar lines, in this study, approach of multiple
biomarker panel considerably increased the sensi-
tivity and specificity in separating AD and NAD
from HC group. A remarkable improvement in the
accuracy was observed with a panel comprising the
biomarkers (NfL/A�42, t-tau, and p-tau 181) in differ-
entiating AD from HC (0.99); NAD from HC (0.92)
and importantly, in differentiating AD from NAD
(0.85) with a specificity of 0.93. The low sensitivity
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of 0.40 is possibly due to certain pathogenic mecha-
nisms shared by various dementias.

The overlapping pathology can occur due to several
reasons. AD is comorbid with various neurodegen-
erative dementias or vascular risk factors which may
affect the separation of AD from other dementias. Our
cohort of NAD comprised mostly of FTD syndromes,
dementias with vascular pathology, LBD, and mixed
type cases. Tau pathology is another important factor
that is common to tauopathies. Various isoforms of
tau appear as aggregates in brain and are characteris-
tic pathologic features of tauopathies including AD
and various FTD syndromes such as Pick’s disease,
progressive supranuclear palsy, corticobasal degen-
eration, etc. [17].

Although amyloid pathology is a central event in
AD, a recent study has reported A� accumulation in
cognitively normal individuals [18]. Adding to the
complexity, several FTD syndromes and LBD cases
have also reported the presence amyloid pathology
at autopsy [19, 20]. These observations dampen the
choice of plasma amyloid measurements in AD diag-
nosis and the current findings are in same agreement.

In this study, correlation analysis of biomarker
panel with clinical scores showed a significant asso-
ciation in AD subjects whereas such a correlation
was lacking with NAD subjects. The data suggests
that the multivariate analysis of biomarkers coupled
with neuropsychological assessments would be able
to improve diagnosis of AD.

This study has several limitations. The sample
size was relatively small. Discriminatory analysis
between AD and subgroups of NAD such as FTD,
VaD, LBD and MD could not be assessed due to
smaller sample size in each sub-group. Supporting
data from CSF measurements and neuroimaging of
biomarkers regarding the diagnosis of AD or other
dementias was lacking. Another limitation is that
A�40 in plasma was not measured in our study.
Thus A�42/A�40 ratios could not be included for
biomarker evaluation. However, this is one of the
first few studies from India that has analyzed a panel
of blood-based biomarker proteins in discriminat-
ing AD, NAD, and HC. Validation of the proposed
biomarkers in larger cohorts and longitudinal studies
are warranted.
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