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Neurodegenerative disorders such as Alzheimer's disease 
(AD), Parkinson's disease (PD), and Huntington's disease 
(HD) are among the major public health concerns due to 
their progressive nature. These neurodegenerative 
diseases are known to destroy the cognitive and motor 
functions of our body. Alzheimer's disease is one of the 
most common and persuasive causes of dementia in older 
age individuals, affecting over 50,000,000 individuals 
globally [1]. Alzheimer's disease is recognized by the 
intracellular formation of neuro�brillary masses and the 
extracellular accumulation of amyloid-β (Aβ) peptide 
�brils. Its complex pathophysiology and multiple aetiology 
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remain unclear [2]. Since there is currently no treatment 
for Alzheimer's disease, the high failure rate in clinical trials 
may stem from inclusion criteria, research design, or 
attempts to treat the disease after it has progressed [3]. 
Parkinson's disease is a complicated neurological 
condition that is mainly caused by the decrease of 
dopamine-releasing neurons present in the brain area 
(substantia nigra), ultimately resulting in the progressive 
loss of motor function [4]. As of right now, the sole clinical 
criteria used for Parkinson's disease diagnosis are the 
presence of neuro-motor symptoms, which have limited 
accuracy in the initial phases of the disease [5]. It is 

Biomarker research and justi�cation for neurodegenerative illnesses have seen enormous 

efforts over the last ten years. Bio-�uid-based biomarkers have been believed to provide a 

better and easier approach to detecting biomarkers for diagnosing nervous system pathologies. 

Objectives: To evaluate the diagnostic potential of certain biomarkers in serum and 

cerebrospinal �uid to diagnose Alzheimer's disease, Parkinson's disease, and Huntington's 

disease at an initial stage. Methods: 280 participants were taken and distributed into four 

groups, comprising, 70 patients with early-stage Alzheimer's disease, 70 with early-stage 

Parkinson's disease, 70 with early-stage Huntington's disease, and 70 age-matched healthy 

controls. Blood and cerebrospinal �uid samples were drawn and medical history was taken from 

the patients. Serum and cerebrospinal �uid levels of amyloid-beta (Aβ42), total tau (t-tau), 

phosphorylated tau (p-tau), alpha-synuclein, huntingtin protein, and neuro-�lament light chain 

were evaluated using enzyme-linked immunosorbent assays. Results: Alzheimer's disease 

patients showed reduced serum Aβ42 (80.4 ± 15.6 pg/mL) and elevated t-tau (140.5 ± 18.2 pg/mL). 

Parkinson's disease patients had raised serum alpha-synuclein (12.5 ± 2.3 ng/mL) and neuro-

�lament light chain. Huntington's disease patients showed signi�cant increases in serum 

huntingtin protein (8.2 ± 2.0 ng/mL). These pro�les indicate e�cacy in early diagnosis. 

Conclusions: It was concluded that Aβ42 and tau effectively detect Alzheimer's disease, while 

Parkinson's disease patients can be effectively diagnosed with Serum and cerebrospinal �uid 

levels of the neuro-�lament light chain. Similarly, huntingtin protein and neuro-�lament light 

chain are sensitive enough to detect Huntington's disease at its early stages.
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thought that neurodegeneration is neither severe nor 
widespread during this early stage, providing an ideal 
opportunity for new medicines and treatments that modify 
the disease. However, more factors would be needed in 
addition to the clinical criteria for the diagnosis of early 
Parkinson's disease [6]. Huntington's disease is an 
autosomal dominant condition resulting from a Cytosine, 
Adenine, and Guanine (CAG) tri-nucleotide replication 
extension in the gene named Huntington's disease (HTT). 
This genetic mutation ultimately causes the creation of a 
non-functional protein, known as huntingtin-protein, 
w h i c h  g a t h e r s  w i t h i n  t h e  n e r ve  c e l l s ,  c a u s i n g 
neurodegeneration primarily in the striatum but also 
affecting other brain parts. Huntington's disease is 
established through a combination of motor, cognitive, and 
psychiatric symptoms, with a premanifest stage that offers 
a critical prospect for early therapeutic intervention. There 
are no treatments available at the moment that can cure 
Huntington's disease but its progression can be slowed 
down [7]. However, the identi�cation of novel biomarkers 
linked to the early stages of the disease is crucial since 
molecular changes occur well in advance of the emergence 
of neurodegenerative symptoms [8]. Although biomarkers 
for neurodegenerative disease diagnosis have been 
thoroughly studied, more research is still necessary to 
determine their clinical applicability [9]. Several imaging 
techniques have been created to offer detailed insights 
into the anatomy and operation of the brain [10]. However, 
because of  their  high costs  and infrastructure 
requirements, these approaches are di�cult to deploy in a 
clinical context and have limited application in routine early 
diagnosis cases. Detectable molecular biomarkers in 
bodily �uids are thought to be the best way to support 
clinical diagnosis. Because CSF is thought to act as the 
brain's surrogate, it is the recommended bio-�uid for 
biomarker research about neurodegenerative illnesses. 
Even though CSF is widely used in Parkinson's disease 
biomarker research, there are still  few validated 
biomarkers that can be used in a clinical context [11]. 
Serum, plasma, and cerebrospinal �uid (CSF) are 
considered the most authentic and easily available body 
�uids to detect various metabolites or toxins to detect a 
disease at an early stage. While CSF biomarkers such as 
Aβ1-42, total tau, and phosphorylated tau have shown 
utility in Alzheimer's disease, and α-synuclein and neuro-
�lament light chain (NfL) are being explored for Parkinson's 
disease and Huntington's disease, the invasiveness of CSF 
collection limits its widespread clinical application. 
Therefore, identifying non-invasive, cost-effective blood-
based biomarkers is a critical research priority. 
This study aims to establish some diagnostic parameters 
that use blood to detect these factors for the detection of 
Alzheimer's disease, Parkinson's disease, and Huntington's 
disease at an early stage. By leveraging the differential 
expression of speci�c biomarkers linked with these 

M E T H O D S

This comparative cross-sectional study included 280 
participants: 70 with early-stage Alzheimer's disease, 70 
with early-stage Parkinson's disease, 70 with early-stage 
Huntington's disease, and 70 age-matched healthy 
controls. Participants were recruited from Bhitai Medical 
and Dental College, Mirpurkhas, Sindh, from April 2023 to 
September 2023. The duration of the study was six months 
and a convenience sampling technique was used. Written 
consent was taken from all the patients before the study, 
and it was started after approval from the institutional 
ethics committee of Bhitai Medical and Dental College, 
Mirpurkhas, Sindh (Ref. No. BDMC/R&D/ERC/2023-15). The 
sample size was calculated on the basis of 80% statistical 
power and a signi�cance level of ≤0.05. The following 
formula for sample size calculation in diagnostic studies 
was used:
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disorders, we propose that these parameters will 
signi�cantly improve diagnostic precision and feasibility in 
clinical settings. 

Where Z is the Z-value (1.96 for 95% con�dence), P is the 
expected prevalence 2.21%, and d is the desired precision 
(5%). The inclusion criteria for this study involved 
participants aged 40-75 years who were clinically 
suspected for the diagnosis of initial-stage Alzheimer's 
disease, Parkinson's disease, and Huntington's disease 
based on established clinical criteria, as well as similar age 
g r o u p  h e a l t h y  c o n t r o l s  w i t h o u t  a n y  h i s to r y  o f 
neurodegenerative disorders. Participants were required 
to provide informed consent and have the capacity to 
undergo blood sampling and, where applicable, lumbar 
puncture for CSF collection. The patients were excluded 
from the study with a history of any known psychiatric 
condition, any cardiovascular or systemic ailment, active 
infections, or those on medications known to affect the 
central nervous system. Blood samples were drawn from all 
selected patients and centrifuged at 2000 RPM for 10 
minutes, to obtain serum. CSF was drawn by a lumbar 
puncture. All the samples taken in this way were preserved 
at -80°C until further analysis. Serum and CSF levels of 
amyloid-beta (Aβ42), total tau (t-tau), phosphorylated tau 
(p-tau), alpha-synuclein, huntingtin protein, and NfL were 
measured using enzyme-linked immunosorbent assays 
(ELISAs). The samples were sent to the lab with the tag 
numbers without mentioning the names of the patients to 
ensure blinding. Statistical analyses were carried out using 
SPSS-27. Differences among the groups were assessed by 
one-way analysis of variance (ANOVA) followed by Turkeys' 
post-hoc test to �nd signi�cant differences among the 
groups.



70.2 ± 12.6

20.5 ± 4.0

3.0 ± 0.8

30.2 ± 7.5

0.8 ± 0.3

150.3 ± 20.2**

60.7 ± 9.3**

3.2 ± 0.9

40.4 ± 8.2**

0.9 ± 0.4

75.5 ± 10.8

21.0 ± 4.3

15.0 ± 2.7 **

45.8 ± 9.0 **

0.7 ± 0.2

72.3 ± 11.1

22.4 ± 4.2

3.3 ± 0.8

75.2 ± 13.5**

4.2 ± 1.5**

CSF t-tau 
(pg/mL)

CSF p-tau 
(pg/mL)

CSF α-
synuclein  
(ng/mL)

CSF NfL 
(pg/mL)

CSF 
huntingtin 

protein 
(ng/mL)

<0.001

<0.001

<0.001

<0.001

<0.001

Table 1: Serum and Plasma Biomarker Levels in Study Groups
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Serum levels of Aβ42 were signi�cantly decreased in 
Alzheimer's disease patients, while t-tau and p-tau levels 
were signi�cantly raised compared to the controls. In 
Parkinson's disease patients, serum levels of alpha-
synuclein and NfL were signi�cantly raised. NfL levels were 
also raised in Huntington's disease Huntington's disease. In 
Huntington's disease patients, serum huntingtin protein 
levels were signi�cantly higher, compared to all the other 
groups (Table 1).

Values are shown as mean ± standard deviation (SD). ** shows a 
statistically signi�cant difference compared to healthy controls 
(p<0.001) in the post-hoc analysis.
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Biomarker
Healthy 

Controls 
(n=70)

Alzheimer's 
Disease 
(n=70)

Parkinson's 
Disease 
(n=70)

Huntington's 
Disease
 (n=70)

p-
value

Serum Aβ42 
(pg/mL) 150.5 ± 20.3

75.2 ± 10.4

32.4 ± 5.8

4.6 ± 1.0

22.7 ± 5.5

1.5 ± 0.5

80.4 ± 15.6**

140.5 ± 18.2**

90.7 ± 14.3**

4.8 ± 1.1

30.5 ± 6.4**

1.6 ± 0.6

145.8 ± 18.4

80.2 ± 12.1

33.2 ± 6.2

12.5 ± 2.3**

35.8 ± 7.2**

1.4 ± 0.4

148.7 ± 17.3

78.6 ± 11.9

35.0 ± 6.0

5.0 ± 1.2

60.2 ± 10.5**

8.2 ± 2.0**

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Serum p-tau 
(pg/mL)

Serum t-tau 
(pg/mL)

Plasma 
α-synuclein

 (ng/mL)

Serum 
huntingtin

protien 
(ng/mL)

Plasma NfL
 (pg/mL)

Similarly, the analysis of cerebrospinal �uid (CSF) 
biomarkers provided further differentiation between the 
groups. In Alzheimer's disease patients, CSF levels of Aβ42 
were signi�cantly reduced, while t-tau and p-tau levels 
were signi�cantly elevated. These biomarkers are strongly 
associated with Alzheimer's disease pathology, with lower 
Aβ42 and higher tau proteins re�ecting the presence of 
amyloid plaques and neuro�brillary masses in the brain. In 
Parkinson's disease patients, CSF alpha-synuclein levels 
we r e  s i g n i � c a n t l y  h i g h e r,  c o n s i s te n t  w i t h  t h e 
accumulation of this protein in the brain, supporting its use 
as a biomarker for early Parkinson's disease detection. NfL 
levels in CSF were moderately increased, indicating 
ongoing neurodegenerative processes in Parkinson's 
disease. In Huntington's disease patients, CSF levels of 
huntingtin protein were signi�cantly elevated, providing a 
clear distinction between Alzheimer's disease, Parkinson's 
disease, and healthy controls. This speci�c increase in 
huntingtin protein, along with elevated NfL levels, 
underscores its utility as a diagnostic biomarker for 
Huntington's disease (Table 2).
Table 2: Cerebrospinal Fluid Biomarker Levels in Study Groups

Biomarker
Healthy 

Controls 
(n=70)

Alzheimer's 
Disease 
(n=70)

Parkinson's 
Disease 
(n=70)

Huntington's 
Disease
 (n=70)

p-
value

800.2 ± 95.5 350.4 ± 60.8** 780.1 ± 92.3 790.2 ± 88.7 <0.001
CSF Aβ42 

(pg/mL)

Values are shown as mean ± SD. ** presents a statistical 
signi�cance level compared to healthy controls (p<0.001) in the 
post-hoc analysis.

The results of the current study highlight the potential of 
speci�c serum and CSF biomarkers in the early detection 
of Alzheimer 's disease, Parkinson's disease, and 
Huntington's disease. These results are consistent with 
existing literature, which highlights the importance of 
biomarkers in identifying neurodegenerative diseases at 
an early stage, potentially before signi�cant clinical 
symptoms emerge [12, 13]. In Alzheimer's disease, the 
observed decrease in serum and CSF levels of Aβ42 and the 
increase in tau proteins (both total and phosphorylated) 
align with the well-documented pathological processes 
underlying the condition [14, 15]. Hampel et al., [2], Michno 
et al., [16], and Xu et al., [17] have shown that Aβ42 
aggregates into amyloid plaques in the brain, a hallmark of 
Alzheimer's disease, leading to a reduction in its levels in 
the CSF. Similarly, Moore et al., described the accumulation 
of hyper-phosphorylated tau, which forms neuro-�brillary 
tangles, another key feature of Alzheimer's disease 
pathology [18]. The correlation between decreased CSF 
Aβ42 and elevated tau levels has been extensively validated 
in previous studies by Campbell et al., [19], Grangeon et al., 
[20] supporting their use as reliable biomarkers for early 
Alzheimer's disease diagnosis. For Parkinson's disease, the 
signi�cant increase in alpha-synuclein levels in both serum 
and CSF is consistent with its role in the development of 
Lowy bodies. Ganguly et al., [21] have demonstrated that 
alpha-synuclein accumulates in the brain, with its ultimate 
build-up in the CSF, making it a critical biomarker for 
Parkinson's disease. Furthermore, the observed rise in NfL 
levels in Parkinson's disease patients suggests axonal 
d e g e n e r a t i o n ,  a  h a l l m a r k  o f  t h e  d i s e a s e ' s 
neurodegenerative nature. These �ndings are in line with 
the existing research, as noted by Chen et al., [6] which 
reports elevated alpha-synuclein and NfL levels in the CSF 
in most Parkinson's disease cases. The results of our study 
indicate that huntingtin protein levels are signi�cantly 
elevated in the serum and CSF of patients in the 
Huntington's disease group. The results of a study by Caron 
et al., [22] support these �ndings, having reported 
increased huntingtin protein levels in the CSF of advanced-
stage Huntington's disease patients. Similarly, the 
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It was concluded that the study establishes the potential of 
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synuclein and NfL for Parkinson's disease whereas NfL and 

huntingtin protein can be assessed for early detection of 

Huntington's disease.
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