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Abstract: Alzheimer’s disease (AD) is a neurodegenerative disorder defined clinically by
progressive cognitive decline and memory impairment and pathologically by the accumula-
tion of amyloid-beta plaques, tau neurofibrillary tangles, neuroinflammation, and immune
system dysregulation. Peripheral biomarkers are gaining attention as valuable tools for elu-
cidating neuroinflammatory mechanisms in the AD continuum, with potential implications
for diagnosis and prognosis. Among these, the neutrophil-to-lymphocyte ratio (NLR) has
emerged as a promising systemic inflammatory marker. NLR, a readily available and cost-
effective parameter derived from routine blood tests, reflects the balance between innate
and adaptive immune responses. Elevated NLR has been associated with AD and mild
cognitive impairment (MCI), showing correlations with disease severity, amyloid burden,
and neuroinflammation. Increased neutrophil counts may contribute to neurodegeneration
through oxidative stress and pro-inflammatory cytokine release, while decreased lympho-
cyte levels suggest impaired adaptive immunity. However, despite growing evidence, the
clinical utility of NLR in AD remains debated due to heterogeneity in study populations
and confounding factors, such as comorbidities and medication effects. This review pro-
vides a comprehensive analysis of the association between NLR and AD throughout the
disease continuum. Future research should prioritize longitudinal studies and integrative
approaches that combine NLR with other inflammatory and neurodegenerative markers to
enhance early diagnosis and personalized therapeutic strategies.
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1. Introduction
Alzheimer’s disease (AD) is the most common neurodegenerative disorder and the

leading cause of dementia. AD-related dementia is characterized by memory impairment
and deficits in other cognitive domains, ultimately affecting the ability to perform activities
of daily living. Most AD cases occur in individuals over 65 years of age, as the prevalence
of AD increases significantly with aging [1,2]. Mild cognitive impairment (MCI) represents
an intermediate stage between normal cognitive function and AD dementia, identifying
a population at risk for developing AD [3]. However, not every MCI case converts to
dementia, and some patients may remain stable or revert to normal cognition. Identifying
markers of pathology or neurodegeneration is particularly important in the MCI condition,
when prognostic prediction becomes crucial to favor a multidisciplinary approach able to
minimize the exposure to risk factors and prevent conversion [4].

A large body of literature has demonstrated that the pathogenesis of AD involves
multiple mechanisms, including the accumulation of amyloid-beta (Aβ) and tau proteins,
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activation of neuroinflammatory pathways, disruption of the blood–brain barrier (BBB),
and neurovascular dysfunction [5]. These processes, summarized in Figure 1, collectively
contribute to neurodegeneration and begin many years before the onset of clinical symp-
toms, often preceding a formal diagnosis by decades [6]. AD’s hallmarks are Aβ plaques
and tau tangles, but additional mechanisms also drive neurodegeneration. This complexity
partly explains why therapies targeting Aβ and tau have largely failed [7,8]. Neuroinflam-
mation contributes to Alzheimer’s by linking chronic inflammation to protein buildup and
neuronal damage. However, the sequence of events remains unclear, with both persistent
inflammation and failed protective mechanisms likely playing a role [9–11].

 

Figure 1. Blood–brain barrier breakdown in Alzheimer’s disease pathology. This schematic represen-
tation illustrates the involvement of NLR in AD, emphasizing its contribution to neuroinflammation
and BBB dysfunction. The pathological brain in AD is characterized by amyloid plaque accumula-
tion and neurofibrillary tangles, leading to neuronal damage and activation of reactive astrocytes.
Increased NLR reflects a systemic inflammatory response, with elevated neutrophils contributing
to oxidative stress, cytokine release, and endothelial dysfunction, ultimately promoting BBB break-
down. The compromised BBB allows peripheral immune cells, including neutrophils, monocytes, and
platelets, to infiltrate the brain parenchyma, exacerbating neurodegeneration. These processes collec-
tively drive chronic neuroinflammation, neuronal death, and cognitive decline in AD. Abbreviations:
BBB: blood–brain barrier; IL: interleukin; TNF: tumor necrosis factor. Created with Biorender.com
(De Marchi F.).

In vivo and human studies have reported elevated levels of pro-inflammatory and
anti-inflammatory cytokines in the cerebrospinal fluid (CSF) of individuals with AD. These
molecules, including interleukins (ILs) such as IL-1β, IL-4, IL-6, IL-9, and IL-17A, correlate
with cognitive decline and disease progression, suggesting that a dysregulated inflam-
matory environment may affect cognition [12]. In addition, alterations of inflammatory
markers can be detected along the entire AD continuum, since transforming growth factor
β (TGF-β), IL-7, intercellular adhesion molecule-1 (ICAM-1), and tumor necrosis factor α
(TNF-α) have been associated with clinically meaningful cognitive decline over a 1-year
follow-up period [13]. Most studies have focused on the role of microglia and increased ac-
tivation of microglia, the brain’s primary innate immune cells. In humans, PET imaging of
the translocator protein (TSPO) reveals neuroinflammatory responses in vivo by detecting
microglia activation, and it has been widely used in AD [14]. A certain degree of microglial
activation has been observed not only in patients with AD but also in individuals with
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MCI [15–18]. These findings suggest that neuroinflammation plays a key role in early neu-
rodegeneration, with multiple microglial phenotypes driving a dysregulated response that
promotes protein accumulation and accelerates disease progression [19,20]. Impaired clear-
ance of protein aggregates, involving dysfunction of the glymphatic system, contributes
early to AD pathology by promoting toxic protein accumulation and disrupting brain
homeostasis [21]. In this context, the BBB regulates immune traffic into the central nervous
system (CNS), maintaining brain immune privilege. In aging and neurodegeneration, BBB
integrity weakens, allowing pro-inflammatory cells and molecules to infiltrate the brain.
This breakdown facilitates abnormal communication between the peripheral and central
immune systems, promoting a neuroinflammatory environment that may contribute to the
progression of neurodegeneration [22].

The neutrophil-to-lymphocyte ratio (NLR) is a simple, accessible clinical index derived
from routine peripheral blood tests, calculated by dividing the number of neutrophils
by the number of lymphocytes. It is considered a marker of systemic inflammation and
reflects the balance between the innate (neutrophils) and adaptive (lymphocytes) immune
responses [23]. This review aims to comprehensively evaluate the existing literature regard-
ing the NLR in the field of AD and MCI, examining the difference between AD and MCI
subjects and healthy controls (HC), and exploring the diagnostic, prognostic, and staging
value of the NLR along the AD continuum.

2. Peripheral Inflammation as a Primary Driver in Alzheimer’s Disease
Chronic systemic inflammation and immune activation are increasingly recognized

as key mechanisms in the pathogenesis of AD. Recent studies have identified various
peripheral inflammatory markers, such as neutrophil and lymphocyte counts, as well as
their ratios, as reliable indicators of altered systemic immune status [22]. These markers
may also reflect dysregulated immune responses occurring within the CNS. Both neu-
trophils and lymphocytes have been extensively studied in the context of AD, partly due
to the ease with which their counts can be obtained and partly because they play central
roles in mediating inflammatory responses. Moreover, they are considered potentially
accessible and modifiable therapeutic targets, further supporting interest in their role in
AD pathology [24].

2.1. The Role of Neutrophils in Neuroinflammatory Responses

Neutrophils are generally regarded as innate immunity markers, whereas lymphocytes
are associated with adaptive immune responses. Alterations in ratios, including the NLR,
may indicate an imbalance between these immune branches. Additionally, ratios—rather
than absolute cell counts—can help reduce inter-individual variability and provide a more
stable measure of systemic immune status [25]. Neutrophils are considered critical players
in innate immunity due to their role in combating pathogens through mechanisms such
as phagocytosis and the release of antimicrobial molecules [26]. However, these same
mechanisms can become harmful when chronically activated, leading to sustained and
uncontrolled inflammation. This prolonged inflammatory state is associated with tissue
damage, excessive production of reactive oxygen species (ROS), and broader immune
dysregulation, all of which may contribute to developing autoimmune diseases [27].

Evidence elucidating the role of neutrophils in AD comes from studies using trans-
genic mouse models. These include models such as 5xFAD and 3xTg-AD mice, which
carry human mutations that promote AD pathology through mechanisms like Aβ plaque
deposition (e.g., in APP/PS1 and 5xFAD) or combined amyloid and tau pathology (as
seen in 3xTg-AD) [28]. These models have been invaluable for investigating how immune
cells, including neutrophils, contribute to disease progression [29]. In AD mouse models,
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neutrophils exhibit increased activation, with enhanced migration across the BBB and accu-
mulation in key brain regions such as the cortex and hippocampus. This leads to chronic
vascular permeability, persistent inflammatory stimulation, and BBB disruption [30–32]. A
potentially critical mechanism involves neutrophil adhesion to the endothelium and subse-
quent migration across the BBB, which drives chronic neuroinflammation. In the APP/PS1
murine model, neutrophils localized in the brain demonstrated increased adhesion to small
blood vessels and degranulation around Aβ plaques, suggesting a mechanism of neuronal
injury linked to vascular damage and oxidative stress [33]. Importantly, AD mouse models
with induced deficiency of myeloperoxidase (MPO), a surrogate marker of neutrophil
activity, showed significantly improved performance, particularly in spatial learning and
memory tasks, compared to mice without MPO deficiency. These MPO-deficient mice also
exhibited lower levels of neuroinflammatory markers [34].

Building on evidence from animal models, dysregulation of neutrophil activity has
also been confirmed in patients with AD. Across several studies, transcriptional analyses
of brain tissue have demonstrated a general increase in proinflammatory pathways in-
volving neutrophils [35], exhibiting heightened activity, enhanced adhesion, and increased
cell-surface interactions [36]. In AD brains, neutrophils have been identified in specific
regions—including the temporal cortex and hippocampus—particularly near Aβ plaques,
close to sites of BBB disruption, and in association with vascular dysfunction and increased
cellular adhesion [24,33,37]. BBB breakdown is a key event that promotes neurodegenera-
tive changes in AD and contributes to clinical cognitive decline. A large study involving
individuals without cognitive impairment, as well as those with MCI or early dementia,
found that BBB disruption was a risk factor for cognitive decline. Moreover, several in-
flammatory markers, such as ICAM-1, vascular endothelial growth factor (VEGF), and
IL-8, which are involved in cell adhesion, neutrophil migration, and vascular remodeling,
were associated with both BBB impairment and more rapid cognitive deterioration [38]. In
addition, circulating neutrophils may contribute to neurodegenerative changes by differ-
entiating into pro-inflammatory subtypes and promoting systemic chronic inflammation.
Neutrophil hyperactivation has been reported in patients with AD, with these hyperreac-
tive neutrophils producing elevated levels of ROS and correlating with faster cognitive
decline. This suggests that neutrophil phenotype could serve as a prognostic peripheral
marker in patients with dementia [39].

2.2. The Role of Lymphocytes in Neuroinflammatory Responses

Lymphocytes are a heterogeneous population of immune cells with various roles and
specializations. As a key component of the adaptive immune system, they recognize and
respond to specific antigens. Broadly, lymphocytes can be classified into T, B, and natural
killer cells. In particular, T cells can infiltrate the CNS or act peripherally to influence brain
pathology in neurodegenerative diseases [40]. Among T cells, several specialized subtypes
play distinct roles in immune regulation. CD4+ helper T cells (Th cells) coordinate immune
responses by secreting cytokines; however, they can also contribute to neurodegenerative
processes by releasing proinflammatory cytokines, activating microglia, and disrupting the
BBB [41]. The Th1 subtype is primarily involved in cell-mediated immunity, promoting
inflammation through interferon-gamma (IFN-γ) secretion, while Th17 cells produce IL-17
and are implicated in autoimmune and neuroinflammatory responses [42]. Regulatory T
cells (Tregs) are another crucial T-cell subtype, essential for maintaining immune tolerance
and preventing autoimmunity. While CD4+ T cells are primarily involved in modulating
neuroinflammation, CD8+ T cells also play a significant role in neurodegenerative diseases.
Notably, CD8+ T cells infiltrate the brain parenchyma in patients with AD, showing clonal
expansion in response to Aβ plaque deposition and BBB disruption [43]. Under physiologi-
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cal conditions, lymphocytes are unable to cross the BBB. However, in neurodegenerative
diseases, particularly AD, the BBB becomes significantly more permeable, allowing lym-
phocyte infiltration into the CNS. CD4+ and CD8+ T lymphocytes have been detected in
the brains of patients with AD. Moreover, dysregulation of lymphocyte subpopulations has
been associated with AD pathogenesis and cognitive decline. CD4+ and CD8+ T cells, along
with Th1, Th17, and Tregs, have been proposed to promote or modulate neuroinflammation
in AD [44].

Animal models have further supported this hypothesis. In mouse models, hippocam-
pal injection of Aβ to induce AD-related changes leads to BBB disruption and Th17 cell
infiltration, accompanied by the overexpression of proinflammatory cytokines such as IL-17
and IL-22, contributing to neurodegeneration [45]. IL-17 appears to be mainly involved
in AD-related pathology, as its presence is associated with exacerbated cognitive decline
and synaptic dysfunction [46], while blocking IL-17 has been shown to reduce Aβ pathol-
ogy [47]. Other immune mechanisms are also implicated. For example, in the APP/PS1
mouse model, infiltration of CD8+ T cells into the brain has been shown to impair synaptic
plasticity and directly contribute to neuronal dysfunction [48]. Additionally, the deple-
tion of Tregs in APP/PS1 mice accelerates cognitive decline, possibly by reducing early
microglial activation, which may initially have a protective effect by promoting amyloid
clearance [49].

The relationship between lymphocyte populations and AD pathogenesis has also
been investigated in humans. An increase in Th17 cells has been observed in individuals
with MCI, while altered Treg activity has been linked to tau protein deposition [50]. In
patients with AD, reduced levels of circulating CD8+ T lymphocytes have been repeatedly
reported [51], although CD8+ T cell infiltration into brain tissue has also been demon-
strated [52]. Overall, an altered CD4+/CD8+ T cell ratio has been noted in AD, which may
reflect either a relative increase in CD4+ cells or a decrease in CD8+ cells [51].

2.3. Peripheral Immune Dysregulation and the NLR

The above-mentioned findings suggest that both the innate and adaptive immune
systems play a crucial role in the pathogenesis of AD and that an imbalance between them
may contribute to neurodegenerative changes. Using ratios, such as the NLR, instead of
absolute neutrophil or lymphocyte counts can help control for inter-individual variation in
total cell counts. NLR, which was first described by Zahorec and colleagues two decades
ago [23], has been proposed as a potential biomarker in a variety of medical conditions,
including sepsis, stroke, cancer, and critical illness [53–57]. Neutrophils have become
key contributors to inflammation, cancer progression, and cellular proliferation [58,59].
Conversely, a reduction in the number or function of Tregs has been linked to a decreased
capacity to suppress inflammation [60]. Given its ability to reflect dysregulation in the
peripheral immune system, the NLR has been widely investigated in neurodegenerative
diseases, including AD, Parkinson’s disease, amyotrophic lateral sclerosis, and multiple
sclerosis [61–68].

3. Neutrophil-to-Lymphocyte Ratio in the Alzheimer’s Disease Spectrum
The first approach to using the NLR in patients with neurodegenerative diseases, in-

cluding AD, is to identify the specific population affected by neurodegeneration compared
to the general population. This allows for assessing how specific and sensitive the index is
in detecting the disease by comparing patients with HCs [51,61].

Higher values of the NLR have been consistently reported in patients with AD com-
pared to the normal population, beginning with the first report over a decade ago [69]. The
work of Kuyumcu and colleagues reported significantly higher NLR values in Patients
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with AD compared to HCs, proposing a cut-off value of 2.48, with approximately 70%
sensitivity and 80% specificity for identifying Patients with AD. Subsequent research has
provided further confirmation of these findings. Indeed, a higher NLR has been associated
with AD in comparison to HC in several epidemiological studies [70–75]. Furthermore,
increased NLR values have been hypothesized to be specific to AD dementia. The study by
Cervellati and colleagues included patients with AD, vascular dementia, and MCI and HCs,
and AD and MCI patients had higher NLR values than HCs, while no differences were
observed between vascular dementia patients and HCs. This was the first study to report
that NLR is significantly elevated in MCI and AD, but not in other dementia conditions [76].
Nevertheless, another study that investigated differences in NLR across dementia subtypes,
including AD, vascular dementia, mixed dementia, frontotemporal dementia, and Kor-
sakoff syndrome, as well as among depressed and non-depressed individuals, failed to
identify statistically significant differences in white blood cell counts and ratios between
groups [77].

While most studies support the observation of elevated NLR levels in Patients with
AD relative to HCs, some studies have reported opposite or inconsistent findings [78]. The
conflicting results may be attributed to several factors, primarily that peripheral blood
counts, and consequently the derived indices, can be influenced by numerous variables.
Moreover, neurodegenerative dementias are often highly heterogeneous conditions, even
in the presence of biomarker evidence of AD [79]. NLR can be affected by demographic
and clinical factors such as comorbidities, age, and sex. Comorbidities may influence
cognitive decline by promoting pathological mechanisms that contribute to the develop-
ment of dementia [80]. In turn, comorbid conditions can alter peripheral blood counts
and inflammatory ratios [81,82]. Several studies exploring the effect of NLR have either
corrected for the presence of comorbidities, excluded individuals with systemic inflamma-
tory disorders, or omitted those taking medications that can alter peripheral blood counts,
such as chronic steroid use [83]. Others have corrected for demographic, clinical, or genetic
variables [70,84]. Due to these criticisms, the diagnostic utility of NLR in distinguishing
Patients with AD from HCs has been questioned, as it may be significantly affected by
confounding variables including age, sex, and the apolipoprotein E gene (APOE) allele
status [70].

The condition of MCI is particularly interesting in biomarker research, as it provides
an ideal framework for studying neurodegenerative dementias. MCI represents an interme-
diate state between normal aging and dementia, characterized by a high risk of progression
to dementia, particularly AD. However, not all individuals with MCI progress to dementia;
a substantial proportion remains stable over many years, and a small subset may even
revert to normal cognitive and neuropsychological functioning [85]. Identifying risk factors
associated with conversion to dementia is thus essential to enable early intervention, ideally
before neurodegeneration becomes irreversible. Accordingly, the diagnostic utility of the
NLR has also been proposed in the context of MCI, although with weaker results than those
observed in AD. In 2019, Dong and colleagues compared routine peripheral blood parame-
ters, including the NLR, among AD, MCI, and HC. The NLR was the only parameter that
allowed discrimination of both MCI and AD from HC, with a proposed cut-off of 2.61 for
AD and 2.25 for MCI. However, NLR values did not differentiate AD and MCI [72]. These
findings have been reported in other similar studies. Kalelioglu and colleagues examined
the NLR across four groups: HCs and individuals with subjective cognitive decline, MCI,
and AD. The authors reported significantly higher NLR values in both the AD and MCI
groups than in HCs, with mean values of 2.38 for AD and 2.48 for MCI, again without
statistically significant differences between the AD and MCI groups [71]. Elevated NLR
values in individuals with MCI compared to cognitively normal individuals have also been
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observed in other studies, suggesting NLR as a potential tool for identifying the prodromal
stage of dementia [86]. Moreover, the NLR has shown potential for identifying MCI in
specific populations, such as individuals with diabetes mellitus (DM). In a comparison
between patients with DM and MCI versus those with DM but no cognitive impairment,
the former group was older and exhibited higher NLR values. Additionally, patients with
DM and MCI had lower scores on the Montreal Cognitive Assessment, which were nega-
tively correlated with NLR levels. These findings suggested that the NLR may serve as an
independent risk factor for MCI in patients with DM [87].

Fewer studies have explored the prognostic value of the NLR in the prodromal stage
of dementia. Since MCI, particularly the amnestic subtype, is at risk of progressing to AD
dementia, some studies have investigated the NLR’s ability to predict conversion. Using
the “index of progression”, an indicator representing the number of points lost per year on
the Mini-Mental State Examination (MMSE), a study on a large population of individuals
with amnestic MCI demonstrated a direct correlation between cognitive decline over a
two- to five-year follow-up period and several peripheral biomarkers, including neutrophil
count, NLR, platelet-to-lymphocyte ratio, and the systemic immune-inflammation index
(calculated as platelet count × neutrophil count/lymphocyte count). Furthermore, among
several independent variables potentially associated with conversion, only the NLR and
baseline MMSE score were significantly linked to a higher risk of conversion to dementia
at follow-up. Lastly, individuals with MCI who exhibited higher NLR levels experienced
significantly poorer outcomes, characterized by either a higher conversion rate to dementia
or a more rapid cognitive decline over time [83]. Nevertheless, despite providing evidence
for higher NLR values in individuals with amnestic MCI compared to HC, and a negative
correlation between NLR and MMSE scores, another study found no significant differences
in NLR between stable and progressing amnestic MCI groups [76].

To test the efficacy of a biomarker in identifying a disease process, revealing disease-
associated pathways, or predicting disease progression, studies involving large populations
assessed longitudinally over long follow-up periods are essential. NLR has been hypothe-
sized as a potential tool for predicting conversion, identifying healthy individuals at risk of
developing dementia, or serving as a candidate risk factor for dementia onset [88,89]. In
the study by Ramos-Cejudo and colleagues, which was based on a large cohort from the
extensive community-based Framingham Heart Study, NLR was independently associated
with incident dementia over a follow-up period of approximately six years. Notably, NLR
demonstrated predictive value second only to age, a well-established risk factor for demen-
tia, alongside baseline cardiovascular disease and hypertension [89]. An increased risk of
dementia in the general population linked to an imbalance between innate and adaptive
immunity has been supported by other studies using various cellular counts and indices,
such as granulocyte count [90]. Further evidence supports that increased innate immunity
markers, including neutrophil count and NLR, can be associated with the development
of cognitive impairment and dementia even after adjusting for demographic and genetic
variables such as age, sex, education, body mass index, APOE, and ethnicity [84,91].

Similarly, studies analyzing large cohorts from public databases are valuable for con-
firming the correlation between NLR and AD-related changes and clarifying the potential
role of NLR in staging disease severity and predicting cognitive decline. It has been
suggested that the correlation between NLR and cognitive decline may be mediated by
neurodegenerative changes such as brain atrophy [92,93], or by AD-related pathological
changes such as Aβ and tau pathology [25,94]. Some studies have investigated these
associations by analyzing multiple biomarkers using data from the Alzheimer’s Disease
Neuroimaging Initiative (ADNI) [25,92,95]. In the study by Mehta and colleagues, NLR
levels were higher in individuals with MCI and AD than in cognitively normal controls
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and were significantly associated with Aβ pathology as measured by amyloid-PET. These
findings suggest that higher NLR is associated with greater Aβ deposition in the brain
and more pronounced longitudinal cognitive decline [25]. Supporting this, an association
between NLR and decreased CSF levels of Aβ, typically reflective of increased Aβ binding
in the brain, has also been reported. Additionally, elevated NLR was associated with
lower scores in global cognition, memory, and executive function, as well as with reduced
brain metabolism and greater brain atrophy [92]. Similar results were reported in a study
including 1579 participants of Chinese Han ethnicity diagnosed with a neurodegenerative
condition, including AD, MCI, frontotemporal dementia, multiple system atrophy, progres-
sive supranuclear palsy, Parkinson’s disease, motor neuron disease, and dementia with
Lewy bodies. Higher NLR values, among other inflammatory indices, were associated
with cognitive decline and neuropsychiatric disturbances (such as anxiety and depression),
mediated by lower CSF Aβ levels and brain atrophy [94].

Such studies reinforce the hypothesis that innate immune dysregulation may be in-
volved in the development of pathological changes closely related to the neurodegenerative
processes typical of AD, or may serve as a potential risk factor for its onset.

All discussed studies are summarized in Table 1.

Table 1. Association between neutrophil-to-lymphocyte ratio and cognitive decline: key studies.

First Author, Year
(Chronological Order)

Number of
Included Participants Main Results

Kuyumcu, M.E., 2012 [69] 241 AD, 175 HC Higher NLR in AD vs. HC

Rembach, A., 2014 [70] 130 MCI, 205 AD,
759 HC

Higher NLR in AD vs. HC (if not
corrected for age, sex, and APOEε4);

NLR stable over disease course

Kalelioglu, T., 2017 [71] 31 AD, 30 MCI,
31 SCD, 31 HC

Higher NLR in AD and MCI vs. SCD
and HC

Dong, X., 2019 [72] 56 AD, 57 MCI,
59 HC

Higher NLR in AD vs. HC;
no differences between AD and MCI

An, P., 2019 [86] 186 MCI, 153 HC Higher NLR in MCI vs. HC

Ramos-Cejudo, J., 2021 [89] 1684, of whom 51 had dementia
(41 AD)

Individuals with higher NLR were at a
greater risk of dementia

Kara, S.P., 2022 [78] 94 AD, 61 HC
(and 100 PD)

Higher NLR in PD vs. HC and AD;
no difference between AD and HC

Zhang, Y., 2022 [84] 361,653, of whom 4239 had dementia
Increased neutrophils, NLR, and SII

were associated with higher
dementia risk

Schröder, S., 2022 [77] 77 with dementia
(of whom 33 had AD), 20 HC

No difference between different causes
of dementia and HC

Hou, J., 2022 [92] 1107 AD

Elevated neutrophils and NLR were
associated with lower global cognition,
reduced brain metabolism by FDG-PET,

and greater ventricular volume
Evlice, A., 2023 [73] 132 AD, 38 HC Higher NLR in AD vs. HC

Li, J.Q., 2023 [94] 1579, of whom 440 AD
Higher neutrophils, monocytes, NLR,

SII, PLR, and LMR were associated with
cognitive decline

Tondo, G., 2023 [83] 130 MCI Higher NLR, PLR, and SII in MCI
converters to dementia

Yu, Z.W., 2023 [87] 376 MCI with diabetes, 441 only
with diabetes

Elevated NLR is associated with MCI in
patients with diabetes

Chou O, 2023 [88] 9760 (of whom 529 developed AD,
56 other dementias)

Higher NLR was associated with risk of
development (no other dementia)
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Table 1. Cont.

First Author, Year
(Chronological Order)

Number of
Included Participants Main Results

Zhuo, 2023 [93] 20,381 participants
SII and NLR were associated with

general cognitive function and with the
grey matter volume

Giannelli, 2023 [75] 51 MCI, 84 AD, 45 HC Higher NLR in MCI and AD vs. HC
Algul, F., 2024 [74] 175 AD, 61 HC Higher NLR and PLR in AD vs. HC

Cervellati, C., 2024 [76] 103 AD, 212 MCI, 34 VAD, 61 HC NLR was higher in MCI or AD
compared to VAD and HC

Jacobs, T., 2024 [95] 201 participants without cognitive
impairment (from ADNI and NYU)

Associations between NLR and Aβ42 in
the older ADNI cohort, and NLR and

t-tau and p-tau in younger NYU cohort

Wang, 2025 [91] 2375 participants without cognitive
impairment and 838 with dementia

Elevated NLR is elevated in demented
and associated with increased risk of

cognitive impairment
Summary of studies investigating the relationship between the neutrophil-to-lymphocyte ratio (NLR) and cogni-
tive impairment, including Alzheimer’s disease (AD), mild cognitive impairment (MCI), and other dementias. The
table presents the number of included participants and key findings for each study. Abbreviations: HC = healthy
controls, SCD = subjective cognitive decline, PD = Parkinson’s disease, SII = systemic immune-inflammation
index, PLR = platelet-to-lymphocyte ratio, LMR = lymphocyte-to-monocyte ratio, VAD = vascular dementia,
Aβ42 = amyloid-beta 42, t-tau = total tau, p-tau = phosphorylated tau.

4. Discussion
Neuroinflammation is considered a key driver in neurodegenerative disease, and it

has been largely investigated in AD [96]. CNS has been considered an immune-privileged
organ for a long period due to the presence of the BBB. The BBB is a finely regulated struc-
ture supported by endothelial cells, astrocytes, and pericytes, and its main role is to protect
the CNS from harmful pathogens. In addition, the BBB restricts the entry of most immune
cells into the CNS, at least under physiological conditions [97]. Peripheral inflammation
involves the activation of immune cells, including (i) neutrophils, the first responders of
the innate immune system, which release enzymes and ROS; (ii) lymphocytes (T cells and B
cells), representing the adaptive immune system and are involved in targeted inflammatory
responses; (iii) monocytes, which can cross the BBB and differentiate into pro-inflammatory
macrophages; and (iv) platelets, which contribute to inflammation by releasing cytokines.
During chronic peripheral inflammation, these cells and their inflammatory mediators,
including TNF-α, IL-1, IL-6, IL-17, and others, circulate in high amounts. When inflam-
mation persists, the BBB can be affected, particularly its permeability. Disruption of the
BBB is associated with the infiltration of immune cells, increased expression of adhesion
molecules (such as ICAM-1), and activation of endothelial cells, which in turn promotes
further cellular infiltration and amplifies inflammation [98]. Notably, neutrophils and
T cells can infiltrate the CNS and contribute directly to neuronal damage and synaptic
alterations. Neutrophils release ROS and other toxic species, while T cells may recognize
and react against specific CNS antigens, further amplifying neuroinflammation [99]. This
process activates microglia, the brain’s resident immune cells, which then release additional
pro-inflammatory cytokines, creating a self-perpetuating pro-inflammatory environment.
This leads to oxidative stress, neuronal injury, and synaptic loss, a common pathological
pathway in neurodegenerative diseases [100]. In AD, these inflammatory and immune
processes have been associated with increased Aβ and tau deposition, contributing to
the neurodegenerative cascade [101]. These findings are supported by recent advances in
MRI-based BBB imaging and microstructural MRI markers that assess BBB permeability
and neuroinflammatory changes, allowing the identification of AD-related changes even
at extremely early stages, thus enabling an early diagnosis [102]. MRI techniques allow
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the identification of the relationship between AD pathophysiology and BBB dysfunction,
which occurs at a very early stage within the AD continuum [103]. In particular, BBB
disruption, both through loss of tight junctions and aberrant AQP4 expression, leads to
the accumulation of toxic substances (e.g., iron) that contribute to the toxic environment,
promoting ROS production and increasing neuroinflammation [104].

The current review highlights, as the most consistently reported finding in the liter-
ature, that the NLR is elevated in individuals with AD, is correlated with the severity of
cognitive decline, and may serve not only to distinguish individuals with MCI from HC,
but also to identify those at higher risk of conversion to dementia. These findings have
important implications for the field of neurodegenerative disease research, particularly in
the context of clinical trials and pharmacological interventions.

The introduction of biomarker-based diagnostic criteria for AD has led to a profound
conceptual shift, moving from a clinical to a biological definition of dementia [105]. Al-
though revised in subsequent years, during which renewed emphasis was placed on the
clinical-biological correlation [106], the “ATN framework”, based on markers of Aβ, tau,
and neurodegeneration, remains central to the etiological classification of the various forms
of dementia. Over the past decades, the search for biomarkers has primarily relied on
imaging techniques, particularly PET, and on CSF analysis, methods that are relatively
expensive or invasive. For this reason, recent research has focused on the validation of
plasma biomarkers, starting with those specific to AD pathology [107]. Plasma is an acces-
sible, economic and less invasive biofluid for detecting further potential biomarkers, and in
this context NLR may represent an important tool to identify Patients with AD and stratify
MCI subjects according to the risk of converting to dementia.

Further longitudinal, large-cohort studies are needed to confirm that peripheral in-
flammatory indices may serve as valuable and accessible biomarkers of early alterations
occurring in AD. The NLR appears to be associated with pathological changes (such as
Aβ brain deposition), neurodegeneration (such as hypometabolism or brain atrophy) and,
consequently, with a more rapid cognitive decline or disease progression [25,93,94]. How-
ever, the clinical use of NLR presents several limitations. First, it is highly susceptible
to the influence of underlying conditions, such as systemic inflammatory states, as well
as the presence of infections, cancer, metabolic disorders, or vascular diseases [22,55]. In
addition to comorbidities, numerous other variables, such as sex, genotype, and age, may
also affect its values. Age itself is associated with changes in peripheral immune system
functioning and ageing is associated with a low-grade systemic inflammation—the term
“inflammaging” indicates this dysregulation [108]. This dysregulation can be linked to a
higher production of ROS by senescent cells, neutrophil activations, cell apoptosis mecha-
nisms failure [109] and it is reflected in altered peripheral blood cell counts. These factors
significantly limit the diagnostic value of NLR, especially considering that reliable and
disease-specific biomarkers of pathology and neurodegeneration are already available for
AD. Since the NLR can be influenced by numerous factors, recent studies investigating its
possible impact on cognitive decline have accounted for various confounding variables in
their statistical analyses to ensure greater scientific rigor. These confounding factors may
also help explain the wide variability observed in the findings of studies exploring the role
of NLR in cognitive decline. The most commonly considered confounders across studies
include genetic and demographic variables (such as age, sex, ethnicity, and APOE status),
comorbidities (including diabetes, hypertension, hypercholesterolemia, cardiovascular
disease, and obesity), conditions affecting blood cell counts (such as infectious diseases,
rheumatic immune diseases, cancer, and stroke), lifestyle factors (such as smoking and al-
cohol consumption), and protective factors associated with brain health (such as education
and physical activity). Figure 2 summarizes the main NLR confounding factors.
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Figure 2. Key confounding factors influencing the value of NLR in cognitive decline. The figure
highlights the main confounding factors that can affect NLR levels and impact cognitive decline
studies. These include demographic, genetic, medical, lifestyle, and protective brain health variables,
each with distinct mechanisms potentially influencing both NLR and neurodegeneration. NLR:
neutrophil-to-lymphocyte ratio. Created with Biorender.com (De Marchi F.).

Ultimately, the most compelling aspect remains the prognostic value of this marker.
NLR has proven to be a reliable prognostic index in various conditions, such as cancer [55],
and in neurological disorders, including stroke [110,111]. It has also been associated with
faster disease progression in neurodegenerative conditions [51,112,113]. In the context
of neurodegenerative disease, the best opportunity to influence the progression of the
pathological process is to identify individuals who show disease-specific brain changes
and other alterations before any clear clinical symptoms appear [114]. Therefore, in AD,
and in particular in the context of MCI or even in the preclinical dementia phase, the key
value of NLR may lie in the ability to identify individuals at higher risk of progression,
using a rapid and easily accessible test such as blood test. Nevertheless, the NLR needs
to be accompanied by the use of diagnostic tools such as Aβ and tau and could find its
place near other prognostic markers such as neurofilament light chain (NfL) in CSF. Aβ42
and tau proteins in CSF are validated biomarkers of AD and are integral to the ATN
framework, which serves not only diagnostic and classification purposes but also has
significant prognostic implications, since individuals with MCI who are positive for all
markers show the highest likelihood of progression to dementia [115]. In this context, the
NLR would position itself more as a purely prognostic marker, similar to NfL, reflecting
neurodegeneration severity and progression risk, but without the direct pathophysiological
specificity provided by Aβ or tau markers.

All considered, NLR could realistically be incorporated as a supplementary, easily
accessible marker in cognitive assessments, but with cautious interpretation due to its
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non-specific nature. Integration into routine blood panels, combined with multi-modal
biomarker frameworks, could make NLR a useful tool for stratifying prognosis. How-
ever, standardized cutoffs and confounding factor checklists are essential for meaningful
clinical use.

5. Conclusions
Peripheral inflammation plays a significant role in the pathogenesis of AD, contribut-

ing to BBB disruption, neuroinflammation, and downstream neurodegeneration. The NLR,
a simple and widely accessible blood-based marker, reflects this peripheral immune im-
balance and has been consistently found to be elevated in individuals with AD. Although
its diagnostic accuracy is limited by susceptibility to various confounding factors, NLR
shows promise as a prognostic marker, particularly in identifying individuals with MCI
who are at higher risk of progressing to dementia. Given its affordability, non-invasiveness,
and potential link to AD-related pathology and neurodegeneration, NLR may be useful
in research settings, especially for stratifying participants in clinical trials and studying
early disease mechanisms. However, further large-scale, longitudinal studies are essential
to validate its clinical relevance, refine its cut-off values, and clarify its role in the early
identification and monitoring of AD progression.
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