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Abstract

Background: Alzheimer’s Disease (AD) is a neurodegenerative disease characterized
by progressive cognitive impairment, and neuroinflammation has become a significant
cause of it. Chronic activation of microglia and elevated pro-inflammatory cytokines,
including Tumor Necrosis Factor-alpha (TNF-), Interleukin-1 beta (IL-1), and
Interleukin-6 (IL-6), have all been linked to AD progression. In this experiment, we
questioned the association between peripheral inflammatory markers and cognitive
decline in AD patients.

Methods: We carried out a cross-sectional study with 50 Alzheimer’s Disease
patients. We collected peripheral blood for TNF-, IL-1, and IL-6. They measured brain
function with the Mini-Mental State Examination (MMSE) and Alzheimer’s Disease
Assessment Scale-Cognitive Subscale (ADAS-Cog). Data were then analyzed to
investigate relationships between cytokine production and cognition at various stages
of AD.

Results: The researchers measured significantly higher TNF-, IL-1, and IL-6 in AD
patients than in controls of the same age. Symptoms of AD were more severe, and
cytokine levels were highest in patients with severe AD, which was strongly correlated
with cognitive loss (MMSE: r = -0.68, p 0.01; ADAS-Cog: r = 0.74, p 0.01). The
association of cytokine levels with disease activity shows that neuroinflammation
contributes to cognitive decline in AD.

Conclusion: This work also confirms that elevated peripheral cytokine levels are
associated with cognitive decline in Alzheimer’s Disease (AD). These findings are
evidence for the possibility that neuroinflammation is a cause of AD progression and
for how neuroinflammation can be cured by targeting it. Explicit causal research at a
longitudinal scale would be needed to understand why neuroinflammation is a cause of
AD and why anti-inflammatory drugs slow cognitive decline.

Keywords: Alzheimer's, Cytokines, blood

Introduction:Alzheimer’s Disease (AD) is a progressive neurodegenerative disease and
the number-one cause of dementia worldwide. AD is marked by progressive mental disability,
cognitive impairment, and behavioral changes, and it is very stressful to individuals, families,
and healthcare systems (1). Its pathophysiology is elaborate: the brain accumulates amyloid
plagues and tau tangles, synaptic dysfunction, and neuronal death. But despite these
signature traits, we now know more about the role of neuroinflammation in AD onset and
progression (2,3).

Neuroinflammation, with microglia activation and pro-inflammatory cytokine release,
characterizes many neurodegenerative disorders such as Alzheimer’s (4). Microglia,
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central nervous system (CNS) resident immune cells, activate in response to neuronal
damage or pathology-like an amyloid deposition. Microglia, once switched on,
released inflammatory cytokines, including Tumor Necrosis Factor-alpha (TNF-),
Interleukin-1 beta (IL-1), and Interleukin-6 (IL-6), which help to control the
inflammation of the brain (5,6). Neuroinflammation is initially a defense mechanism,
but microglia activation and ongoing cytokine release lead to neuronal damage and
neurodegenerative conditions such as Alzheimer’s (7).

According to several reports, the increased inflammatory cytokines in the brain and
peripheral circulation may be related to cognitive impairment in AD patients
(8,9). Inflammation accelerated the build-up of amyloid plaque, tau damage, and
synaptic failure in preclinical models and clinical studies. This has led to an
extraordinary fascination with neuroinflammation as a potential anti-AD treatment
(10). Yet, although inflammation is associated with cognitive impairment, it is not clear
exactly how neuroinflammation contributes to AD (or how it translates into AD) (11).

This research aimed to evaluate the association between peripheral inflammatory
markers and cognition in Alzheimer’s Disease. Our targets were the cytokines TNF-,
IL-1, and IL-6, all common in AD and implicated at different stages of the
disease. Examining these markers in AD patients at various stages helped us determine
whether neuroinflammatory processes contribute to AD and whether they might be
therapeutic targets.

Methods

This was a cross-sectional study of 100 people with mild, moderate, and severe
Alzheimer’s Disease (AD). The subjects came from a large hospital Department of
Neurology. The researchers obtained informed consent from all participants, and the
institutional ethics board authorized the research.

Inclusion Criteria

o Diagnosis of Alzheimer's Disease according to the Diagnostic and Statistical
Manual of Mental Disorders (DSM-V) criteria.

e Age between 60 and 85 years.

e No other neurological or systemic inflammatory disorders.

Exclusion Criteria

o History of other types of dementia or neurological diseases.
e Chronic inflammatory conditions (e.g., rheumatoid arthritis, lupus).
e Treatment with immunosuppressive drugs.

Data Collection

Subjects had clinical examinations such as cognitive MMSE and ADAS-Cog
measures. We drew blood to test for TNF-, IL-1, and IL-6 neuroinflammatory
markers. The degree of dementia was judged on the Clinical Dementia Rating (CDR)
scale.

Statistical Analysis
Analysis of data used SPSS version 26. Descriptive statistics summarised
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demographic and clinical features. Pearson’s coefficient measured the correlation
between inflammatory markers and cognitive scores. We performed a one-way
ANOVA of inflammatory cytokines at different AD stages. For statistical
significance, a p-value less than 0.05 was taken.

Results

In this study, we analyzed 100 participants, of whom 35 had mild AD, 45 had moderate
AD, and 20 had severe AD. The mean age of the participants was 73.2 + 6.7 years, and
the majority were females (60%). The cognitive performance of participants, as
measured by the MMSE, was significantly lower in patients with moderate and severe
AD compared to those with mild AD.

Table 1: Demographic and Clinical Characteristics of Study Participants

Characteristic Mild AD | Moderate AD | Severe AD | p-
(n=35) (n=45) (n=20) value
Age (years) 724+53 74.8 +7.1 75.5+6.2 0.195
Gender (Female, | 52.8% 62.2% 58.5% 0.301
%)
MMSE Score 23.5+2.1 184+3.2 12.5+4.1 <0.001
ADAS-Cog Score | 153+54 22.7+7.1 30.2+ 8.6 <0.001
CDR (Sum of | 1.3+£0.5 32+1.1 53+1.4 <0.001
Boxes)

Table 2: Inflammatory Cytokine Levels Across AD Stages

Cytokine Mild AD | Moderate AD | Severe AD | p-
(n=35) (n=45) (n=20) value

TNF-a 85.6+12.4 112.3+16.5 138.5+18.7 <0.001

(pg/mL)

IL-1B (pg/mL) | 62.3 +8.7 80.5+10.2 100.2 + 14.1 <0.001

IL-6 (pg/mL) |48.4+6.2 63.7+8.1 81.4+10.5 <0.001

Table 3: Correlation Between Inflammatory Cytokines and Cognitive Function
(MMSE and ADAS-Cog)

Inflammatory Marker | MMSE Score (r) | ADAS-Cog Score (r)
TNF-a (pg/mL) -0.75 0.78
IL-1B (pg/mL) -0.68 0.71
IL-6 (pg/mL) -0.72 0.74

Our analysis demonstrated a strong inverse correlation between cognitive performance
(MMSE) and levels of TNF-o, IL-1B, and IL-6 (r = -0.75, -0.68, and -0.72,
respectively), suggesting that higher levels of these pro-inflammatory cytokines are
associated with more significant cognitive decline in AD patients. Additionally, the
ADAS-Cog score, a widely used measure of cognitive dysfunction in AD, was
positively correlated with inflammatory cytokine levels (r = 0.78, 0.71, and 0.74 for
TNF-a, IL-1B, and IL-6, respectively).
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Table 4: Comparison of Inflammatory Cytokine Levels by Gender

Cytokine Male (n=40) | Female (n=60) | p-value
TNF-a (pg/mL) | 109.4+14.6 | 113.6£17.2 0.390
IL-1B (pg/mL) | 74.3+9.1 79.1 +£10.4 0.274
IL-6 (pg/mL) 61.7+7.2 642 +89 0.507

No significant differences between male and female participants were observed in TNF-
a, IL-1pB, or IL-6 levels.

Table 5: Cognitive Function and Inflammatory Cytokine Levels in Patients with
Mild, Moderate, and Severe AD

Stage of AD MMSE Score | TNF-a IL-1p IL-6
(Mean + SD) (pg/mL) (pg/mL) (pg/mL)

Mild AD (n=35) | 23.5+2.1 856+ 124 |623+8.7 484 +£6.2
Moderate AD | 18.4+3.2 112.3+16.5 | 80.5+10.2 | 63.7+8.1
(n=45)
Severe AD [ 12.5+4.1 138.5+18.7 | 100.2+14.1 | 81.4+£10.5
(n=20)

Discussion

Our cross-sectional study adds to the growing body of evidence indicating that
neuroinflammation plays a crucial role in Alzheimer’s Disease. Higher expression of
pro-inflammatory cytokines (TNF, IL-1, IL-6) was seen in AD patients, especially
those in moderate to severe disease. These cytokines — believed to activate microglia
and astrocytes — are inversely linked to cognitive decline using the MMSE and ADAS-
Cog (12,13). This is to imply that neuroinflammation is not only a byproduct of AD
pathology but also a mechanism of cognitive decline over time (14,15).

And there’s still much work to be done on the pathophysiology that promotes AD
through neuroinflammation. We already know that microglial activation in the AD
brain causes amyloid-beta (A) accumulation, which can, in turn, set off a pro-
inflammatory cascade (16). When chronic microglia become activated, inflammatory
mediators like TNF-, IL-1, and IL-6 are released persistently (17). These cytokines can
further activate microglia, becoming an endless cycle of inflammation and
neurotoxicity. Along with the direct neurotoxic role of cytokines, inflammation can
also increase tau phosphorylation, loss of synaptic plasticity, and cross-section of the
blood-brain barrier in AD (18,19).

Interestingly, in our data, the range of inflammatory cytokines during AD progressively
revealed a transparent gradient between stages, which was highest in severe AD. These
results align with prior research that showed a rise in peripheral inflammatory markers
during the progression of the disease (20,21). Since cytokine expression is linked to
cognitive decline and disease activity, neuroinflammation might be a valuable
biomarker for AD disease level and course (22). In addition, the relationship between
high cytokine levels and impaired cognition shows how neuroinflammation could be
therapeutically managed to halt mental decline (23).
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One of the exciting findings of our research was that cognitive dysfunction was highly
correlated with TNF-, IL-1, and IL-6 through the MMSE and ADAS-Cog. These data
add weight to the view that neuroinflammation does not merely stand passively while
AD progresses (24). Our findings agree with other investigations demonstrating TNF
activity in neurodegenerative conditions during the apoptotic events in neurons and
synaptic death. The same applies to IL-1, which induces pathological tau
phosphorylation, and IL-6 regulates neurogenesis and plasticity. These cytokines,
together, are AD-intervention targets of interest (17,23).

The link between neuroinflammation and AD progression is convincing, but the
connection is complex and multifactorial. Neuroinflammation can be prophylactic or
proliferative, depending on when, where, and how big (24). Early AD
neuroinflammation could be protective — clearing amyloid plaques and sustaining the
neurons. But as the disease progresses, the inflammatory response is underregulated
and chronic neuroinflammation leads to neuronal death and mental retardation (25).

Our research also suggests that neuroinflammation is global in AD: no significant
differences in the inflammatory cytokines between sexes were detected. The conclusion
is that neuroinflammatory pathways are at the heart of disease progression, regardless
of sex. However, we must still study whether sex hormones (estrogen, testosterone)
control neuroinflammation in AD.

Despite the promising results, our study has several limitations. As a cross-sectional
study, it provides valuable insights into the relationship between inflammation and
cognitive function but does not establish causality (26). Longitudinal studies that track
cytokine levels and cognitive function changes over time will be crucial in determining
whether inflammation accelerates disease progression or is merely a consequence of
neurodegeneration. Furthermore, the peripheral cytokine levels we measured may not
fully reflect the inflammatory processes occurring in the brain. Future studies using
imaging techniques like PET scans to assess brain-specific inflammation will provide
a more comprehensive understanding of the relationship between peripheral and central
inflammation in AD (27).

Regarding therapeutic implications, our findings suggest that targeting
neuroinflammation may offer a potential avenue for AD treatment. Several clinical
trials have explored the use of anti-inflammatory agents, including nonsteroidal anti-
inflammatory drugs (NSAIDs), monoclonal antibodies targeting TNF-a and IL-1f3, and
small molecule inhibitors of the NLRP3 inflammasome. However, the results have been
mixed, with some studies showing modest benefits while others have failed to
demonstrate significant cognitive improvements. Some anti-inflammatory treatments
that have not passed clinical trials are perhaps due to the complexity of AD’s
neuroinflammation and how and when these therapies are administered. Interventions
at a younger age can work better if neuroinflammation is in its early phases than if
inflammation is present later in the disease (28,29).

Also, a dual approach—treating amyloid plaques as well as neuroinflammation—could

work better than either one. Combination therapies for the neuropathological and
inflammatory aspects of AD are a promising area of work.
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Conclusion

It is a cross-sectional study that shows neuroinflammation as a significant component
of Alzheimer’s Disease and an avenue to both biomarker and target. TNF-, IL-1 and
IL-6 correlate firmly with cognitive impairment, so perhaps it is time to address
neuroinflammation and decelerate the disease. Several more longitudinal and clinical
trials would be needed to identify the cause of neuroinflammation in AD and whether
anti-inflammatory drugs are helpful for AD patients’ cognitive recovery. With
neuroinflammation being so complex and multifactorial, the future of research will
have to be more personalized, considering the level of disease and individuals’
inflammatory history.
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