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Abstract

INTRODUCTION: We analyzed relationships among peripheral immunity markers,

cognition, Alzheimer’s disease (AD)-related biomarkers, and neuroimaging to under-

stand peripheral immunity involvement in AD.

METHODS: Peripheral immunity markers were assessed in AD, non-AD neurode-

generative disorders, and controls, examining their connections with cognition,

AD-related biomarkers, and neuroimaging usingmultiple regressionmodels.

RESULTS: The study included 1579 participants. Higher levels of white blood cell, neu-

trophil, monocyte, neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio

(PLR), systemic immune-inflammation index (SII), and lower lymphocyte-to-monocyte

ratio (LMR) were associated with cognitive decline and more severe anxiety and

depression. The impact of lower LMR, lymphocyte count, and higher NLR on cognitive

decline is mediated through cerebrospinal fluid amyloid beta (Aβ) levels. Additionally,
increased PLR, NLR, and SII were associated with brain atrophy and hippocampal Aβ
deposition (amyloid positron emission tomography).

DISCUSSION: Peripheral immunity markers offer a non-invasive and cost-effective

means of studying AD-related pathophysiological changes, providing valuable insights

into its pathogenesis and treatment.

KEYWORDS
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Highlights

∙ Peripheral immunity markers linked to cognitive decline and anxiety/depression.

∙ Low LMR, LYM, and high NLR linked to reduced CSF Aβ, impacting cognition.

∙ High PLR, NLR, SII associated with brain atrophy and hippocampal Aβ deposition
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1 BACKGROUND

As life expectancy rises, there is a notable escalation in the global

socioeconomic burden posed by neurodegenerative disorders such as

Alzheimer’s disease (AD), Parkinson’s disease (PD), and frontotempo-

ral dementia (FTD). Today, ≈ 6.2 million Americans aged ≥ 65 have

AD, and without significant medical advancements, this number could

rise to 13.8 million by 2060.1 An increasing number of studies sug-

gest that inflammation is a major contributor to the development of

AD. While an inflammatory response in the brain can have beneficial

effects in promoting tissue repair and removing cellular debris, sus-

tained and excess responses can be detrimental and inhibit neuronal

regeneration.2

Previously, it was believed that immune dysfunction in AD primar-

ily affected the immune process within the central nervous system.

However, accumulating evidence now suggests that the peripheral

immune system also plays a crucial role in the development and

progression of diseases. Communication between the brain and the

peripheral immune system occurs through various pathways, including

the blood–brain barrier, choroid plexus, andmeninges.3–5 This process

leads to an augmentation in the population of peripheral blood cells

engaged in inflammation and immune response. Nevertheless, there

is limited understanding regarding the direction and timing of these

pathways, as well as the potential for therapeutic interventions. The

elevated neutrophil-to-lymphocyte ratio (NLR) has been recognized

as a noteworthy independent predictor for AD,6 PD,7 and progres-

sive supranuclear palsy (PSP).8 Furthermore, it has the potential to

forecast disease progression and survival rates in individuals with

sporadic amyotrophic lateral sclerosis (ALS)9,10 and multiple system

atrophy (MSA).11 Although previous studies have shown that platelet-

to-lymphocyte ratio (PLR), monocyte-to-lymphocyte ratio (MLR), and

systemic immune-inflammation index (SII) can also predict inflamma-

tory status in various conditions, there is limited research on their

involvement in neurogenerative diseases. Nonetheless, our under-

standing of the impact of peripheral immunity on AD is still in its

early stages. Given the compelling recent findings, further research is

needed to comprehensively explore the peripheral immune cells and

their contribution to brain health and AD.

In this study, we aimed to investigate the associations among

peripheral immunity markers, cognition, AD-related biomarkers, and

neuroimaging data. The findings contribute to a better understand-

ing of the involvement of peripheral immunity in AD, and suggest

that peripheral immunity markers may serve as a non-invasive and

cost-effective biomarker for AD-related pathophysiological change.

2 METHODS

2.1 Participants

Participants with available blood count data were selectively recruited

from the department of Neurology at Huashan Hospital between June

RESEARCH INCONTEXT

1. Systematic review: We reviewed PubMed literature

on peripheral immunity markers. Elevated neutrophil-

to-lymphocyte ratio (NLR) predicts Alzheimer’s disease

(AD), Parkinson’s disease, and progressive supranu-

clear palsy. It shows potential in predicting disease

progression and survival rates in sporadic amyotrophic

lateral sclerosis and multiple system atrophy. Limited

research exists on platelet-to-lymphocyte ratio (PLR),

monocyte-to-lymphocyte ratio (MLR), and systemic

immune-inflammation index (SII) in neurodegenerative

diseases.

2. Interpretation: Higher white blood cell, neutrophil,

monocyte levels, NLR, PLR, SII, and lower lymphocyte-

to-monocyte ratio (LMR) are associated with cognitive

decline, severe anxiety, and depression. Lower LMR,

lymphocyte count, higher NLR impact cognition via cere-

brospinal fluid amyloid beta (Aβ) levels. Increased PLR,

NLR, and SII relate to brain atrophy and hippocampal Aβ
deposition (amyloid positron emission tomography).

3. Future directions: These findings enhance our under-

standing of peripheral immunity in AD and suggest that

peripheral immunity markers may serve as non-invasive,

cost-effective biomarkers for AD-related pathophysio-

logical changes.

2019 and March 2023. The study population included individuals of

Chinese Han ethnicity. We excluded patients without neurodegenera-

tive diseases such as cerebrovascular diseases (stroke and intracranial

hemorrhage), epilepsy, central nervous system infectious diseases,

demyelinating diseases, and so forth. Additionally, participants with

conditions such as malignant neoplasms, blood and blood-forming

organ diseases, autoimmune diseases, and chronic inflammatory dis-

eases, which could potentially affect leukocyte differential counts,

were also excluded from the study. The diagnosis of neurodegenera-

tive diseases, such as AD,12 mild cognitive impairment (MCI),13 FTD,14

MSA,15 PSP,16 PD,17 motor neuron disease (MND),18 and demen-

tia with Lewy bodies (DLB),19 were established according to widely

acknowledged consensus statements. Participants were diagnosed

using Chinese Modified Mini-Mental State Examination (CM-MMSE)

and the Montreal Cognitive Assessment (MoCA). The cut-off values

after correcting for years of education used in the CM-MMSE were

≤24 for > 6 years of education, ≤20 for < 6 years of education, ≤17

for 0 years of education and for MoCA were <24 for >12 years of

education, <22 for 7 to 12 education years, and <19 for <7 years of

education. All procedures complied with the Declaration of Helsinki,

and ethics approval was received from the institutional review board.
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2.2 Peripheral immunity markers

The complete blood count was processed immediately using the

Mindray BC-6800 fully automated hematology analyzer. We gath-

ered baseline count data for white blood cells (WBCs), neutrophils

(NEs), monocytes, lymphocytes (LYMs), and platelets. From these

data, we derived several inflammation indicators, including the NLR,

lymphocyte-to-monocyte ratio (LMR), PLR, and SII. These indicators

have been demonstrated in previous studies to be reliable predictors

of inflammatory status across different conditions.20

2.3 Plasma and cerebrospinal fluid biomarkers

Plasma levels of amyloid beta (Aβ)1-42 (Aβ1-42), phosphorylated
tau181 (p-tau181) and neurofilament light chain (NfL) were quantified

using single molecule arrays. Cerebrospinal fluid (CSF) levels of total

tau (t-tau), p-tau181, and Aβ1-42 were measured using enzyme-linked

immunosorbent assay kits. The assays used in this study demonstrated

good precision, with inter- and intra-assay coefficients of variation <

20% and 10%, respectively. The lower limits of quantification for each

biomarker, as provided by the manufacturers, were as follows: 0.378

pg/mL for Aβ1-42, 0.400 pg/mL for NfL, and 0.085 pg/mL for p-tau181.

All plasma and CSF samples in this study were tested above these

thresholds.

2.4 Cognitive and neuropsychological
assessments

Global cognitionwas evaluated using theMini-Mental Status Examina-

tion (MMSE) andMoCA scales. Cognitive domain scales were assessed

using the Digit Span Test (DST) and Boston Naming Test (BNT). Neu-

ropsychological scales, including the Hamilton Anxiety Scale (HAM-A)

and Hamilton Depression Scale (HAM-D), were used to evaluate

anxiety and depression levels, respectively.

2.5 Image acquisition and processing

A subgroup of 286 patients underwent structural magnetic resonance

imaging (MRI) on a 3.0 T MRI scanner (Discovery 750, GE Health-

care). Among them, 199 patients received metabolic (fluorodeoxyglu-

cose [18F-FDG]) positron emission tomography (PET) scans using

a Biograph mCT Flow PET/computed tomography scanner (Siemens

Healthcare). Additionally, 61 patients underwent tau (18F-Florzolotau

[previously knownas18F-APN-1607]) PET imaging,while 113patients

underwent amyloid (18F-florbetapir [AV45]) PET imaging. The T1-

weightedMRI scans were acquired with specific parameters, including

sagittal slice orientation, 1.0mm slice thickness, 184 slices per slab, 1.0

× 1.0 mm in-plane resolution, 256 × 256 matrix size, 3.2 ms echo time,

8.5 ms repetition time, 400 ms inversion time, and 12◦ flip angle. All

scans passed a visual quality control check for artifacts before further

processing. To analyze the MRI data, each participant’s T1-weighted

magnetization-prepared rapid acquisition gradient echo (MP-RAGE)

image, acquired within 1 week, was segmented and parcellated using

FreeSurfer, version 6.0 (Martinos Center for Biomedical Imaging),

based on the Desikan–Killiany and Aseg atlases. This segmentation

allowed for the extraction of brain region volumes. PET images were

subsequently co-registered to the corresponding MP-RAGE scans

usingStatistical ParametricMappingversion12. The co-registeredPET

images were used to extract relevant data for further analysis.

2.6 Statistical analyses

Baseline demographic characteristics were compared using appropri-

ate statistical tests. Continuous variables were described as mean

(standard deviations), while categorical variables were presented as

numbers (percentages). The comparison of peripheral immunity mark-

ers between the two diagnostic groups was conducted using analysis

of variance (ANOVA), adjusting for age, sex, education, and body mass

index (BMI). To explore the associations between peripheral immu-

nity markers and cognitive function, as well as their relationships with

plasma and CSF biomarkers and neuroimaging, multiple linear regres-

sions were conducted, adjusting for age, sex, education, and BMI. Prior

to conducting regression analysis, we standardized all variables using

theZ-scale transformation for ease of comparison. This transformation

was applied using the “scale” function in R software, where z= (x – u)/s,

with u denoting the sample mean and s denoting the sample standard

deviation.

Moreover, mediation analyses were conducted to examine whether

the relationships between peripheral immunity markers and clinical

phenotypes were mediated by plasma and CSF biomarkers, which

serve as proxies for neuropathology. Four criteria were met to estab-

lish mediation: (1) significant associations between peripheral immu-

nity markers and plasma/CSF biomarkers; (2) significant associations

between peripheral immunity markers and clinical scales; (3) signifi-

cant associations between plasma/CSF biomarkers and clinical scales;

and (4) attenuation of the associations between peripheral immunity

markers and clinical scales when including plasma/CSF biomarkers as

mediators in the regression model. The “mediate” package in R was

used to estimate the mediation or indirect effect, using 10,000 boot-

strapped iterations for significance testing. Age, sex, education, and

BMIwere included as covariates in themediationmodel.

All statistical analyses were performed using R version 4.1.2, and

a two-tailed P value < 0.05 was considered statistically significant. In

cases in which multiple comparisons were addressed, a more conser-

vative significance level based on false discovery rate (FDR) correction

was applied.

3 RESULTS

3.1 Demographics

A total of 1579 participants were included in this study. The

demographic, clinical, and CSF/plasma biomarkers of the included

participants are shown in Table 1. Based on different pathological
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1843 participants eligible with available 

blood routine data

1579 eligible cases for further analysis

2793 inpatients from HuaShan hospital 
with available Blood routine data 

Exclude:

Not neurodegenerative diseases (492)

Disease influencing peripheral immune 

cells (458)

Exclude 264 borderline cases (within 

±5% of the range)

1080 available 
cognitive data

Available 
Neuroimage data

286 MRI
113 Amyloid-PET

199 FDG-PET
61 Tau-PET

243 available 
CSF biomarker
673 available 

plasma biomarker

F IGURE 1 The flow diagram of the participants in this study. CSF, cerebrospinal fluid; FDG, 18F-fluorodeoxyglucose;MRI, magnetic resonance
imaging; PET positron emission tomography.

subtypes, we categorized patients into: (1) AD, including logopenic

variant primary progressive aphasia and posterior cortical atrophy;

(2) tauopathies, including PSP and corticobasal degeneration; (3) TAR

DNA-binding protein 43 (TDP-43) proteinopathies, including FTD

and ALS; (4) synucleinopathies, including PD, MSA, and DLB; and

(5) other, including essential tremor, Huntington’s disease, hereditary

spastic paraplegia, normal pressure hydrocephalus, and spinocerebel-

lar ataxia. Overall, the mean age of participants was 60.03 (±11.35)

years and 798 (50.54%) of themweremales; 30.65% hadmore than 12

years of education. We added a flowchart to demonstrate the partici-

pant screening process (Figure 1). The levels of NEs, mononuclear cells

(MNCs), and NLR showed positive associations with age (NE: β= 0.08,

P= 0.001; MNC: β= 0.001, P= 0.02; NLR: β= 0.01, P< 0.001). In con-

trast, the levels of LYMs and LMR exhibited negative associations with

age (LYM: β = −0.006, P < 0.001; LMR: β = −0.03, P < 0.001; Figure

S1 in supporting information). The levels of WBCs, NEs, MNCs, NLR,

PLR, and SII were higher in males compared to females. Conversely,

the LMR levels were lower in males compared to females (Figure S2 in

supporting information).

3.2 Peripheral immunity marker levels in
different diagnostic groups

The peripheral immunity markers across different diagnostic groups

are illustrated in Figure 2, allowing for a visual examination of their dis-

tributions. Furthermore, a comparative analysis was conducted among

the diagnostic groups, as shown in Figure S3 in supporting information,

to investigate the differences in these indicators.

In terms of WBC and MNC levels, there were no statistically sig-

nificant differences observed among the six groups in the intergroup

comparisons. However, when examining NE levels, the tauopathies

group showed a significant increase compared to the cognitively nor-

mal (CN) group, while no differences were observed among the other

diagnostic groups. Furthermore, when considering LYM, NLR, and PLR

levels, the CN group displayed lower levels compared to the other

five diagnostic groups. The NLR levels in both the synucleinopathies

group and tauopathies group were higher compared to theMCI group.

Regarding the LMR, except for the MCI group, which showed no sig-

nificant difference compared to the CN group, the levels in the other
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F IGURE 2 Distribution of peripheral immunity markers across diagnostic groups. AD, Alzheimer’s disease (containing posterior cortical
atrophy); CN, cognitively normal; MCI, mild cognitive impairment; SYN, synucleinopathies, including Parkinson’s disease, multiple system atrophy,
and dementia with Lewy bodies; TAU, tauopathies, including progressive supranuclear palsy and corticobasal degeneration; TDP, TAR
DNA-binding protein 43 proteinopathies, including frontotemporal dementia and amyotrophic lateral sclerosis; Other, including essential tremor,
Huntington’s disease, hereditary spastic paraplegia, normal pressure hydrocephalus, and spinocerebellar ataxia.

diagnostic groups were lower than those in the CN group. Specifically,

the LMR levels in the tauopathies group and SYN group were lower

compared to the MCI and AD groups. Additionally, the LMR levels

in the tauopathies group were lower than those in the TDP-43 pro-

teinopathies group. In terms of SII, except for the MCI group, which

showed no significant difference compared to the CN group, the levels

in the other diagnostic groups were higher than those in the CN group.

Specifically, the tauopathies groupexhibited higher SII levels compared



LI ET AL. 7 of 11

F IGURE 3 Associations of peripheral immunity markers with cognition and CSF/plasma biomarkers. A, Heat map shows associations of blood
inflammation indicators with cognition and CSF/plasma biomarkers, with colors representing the association coefficients (β) of multiple linear
regressions. The color bar represents the range of β values. Models were adjusted for age, sex, education, and BMI. Controlling for multiple
comparisons was performedwith the false discovery ratemethod of Benjamini and Hochberg. Significance:*P< 0.05, **P< 0.01, ***P< 0.001, -P≥

0.05. B, Results of mediation analyses. Aβ, amyloid beta; BMI, bodymass index; BNT, Boston Naming Test; CSF, cerebrospinal fluid; DST, Digit
Symbol Test; HAM-A, Hamilton Anxiety Scale; HAM-D, Hamilton Depression Scale; LMR, lymphocyte-to-monocyte ratio; LYM, lymphocytes;
MMSE,Mini-Mental State Examination;MoCA,Montreal Cognitive Assessment; MNC, monocytes; NfL, neurofilament light chain; NLR,
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index;WBC, white blood cells.

to the other diagnostic groups. Furthermore, the synucleinopathies

group showed higher SII levels compared to theMCI group.

3.3 Associations of peripheral immunity markers
with CSF/plasma biomarkers

We investigated the associations between amyloid and tau PET scans

and the plasma and CSF biomarkers of AD. The results are presented

in the Table S1 in supporting information. The levels of blood LYMs

(β= 0.33, P= 0.03) and LMR (β= 0.52, P= 0.002) were positively asso-

ciatedwith highCSFAβ levels. Conversely, the levels ofNLR (β=−0.41,
P = 0.01) were negatively associated with high CSF Aβ levels. Addi-

tionally, NLR (β = 0.26, P = 0.02), PLR (β = 0.23, P = 0.04) and SII

(β = 0.22, P = 0.03) were positively associated with high plasma NfL

levels (Figure 3A, Table S2 in supporting information).

3.4 Associations of peripheral immunity markers
with cognitive/neuropsychological assessments

The blood levels of WBC were negatively associated with MMSE

(β = −0.09, P = 0.04), MoCA (β = −0.10, P = 0.02) and DST scores

(β=−0.16, P= 0.04). NE levels were negatively associatedwithMMSE

(β = −0.15, P < 0.001), MoCA (β = −0.15, P < 0.001), BNT (β = −0.10,

P = 0.03), and DST scores (β = −0.17, P = 0.009), while positively

associated with HAM-A (β = 0.10, P = 0.04). MNC levels were nega-

tively associated with MMSE (β = −0.11, P = 0.02) and MoCA scores

(β = −0.25, P = 0.007). NLR levels were negatively associated with

MMSE (β = −0.14, P < 0.001), MoCA (β = −0.12, P = 0.006), BNT

(β = −0.12, P = 0.02), and DST scores (β = −0.16, P = 0.03), while pos-

itively associated with HAM-A (β = 0.12, P = 0.01) and HAM-D scores

(β=0.15,P=0.004). PLR levelswere negatively associatedwithMMSE

(β = −0.12, P = 0.04), MoCA (β = −0.08, P = 0.049), and BNT scores



8 of 11 LI ET AL.

(β=−0.10,P=0.04). LMR levelswerepositively associatedwithMMSE

scores (β = 0.12, P = 0.009). SII levels were negatively associated with

MMSE (β = −0.17, P < 0.001), MoCA (β = −0.17, P < 0.001), BNT

(β=−0.15, P= 0.002), andDST scores (β=−0.17, P= 0.01), while pos-

itively associatedwithHAM-A (β= 0.10, P= 0.048) andHAM-D scores

(β= 0.11, P= 0.03; Figure 3A, Table S3 in supporting information).

3.5 Associations of peripheral immunity markers
with neuroimaging markers

High NLR levels were associated with atrophy in several brain

regions, including the left insula, right fusiform gyrus, thalamus, lat-

eral orbitofrontal cortex, superior temporal gyrus, as well as bilateral

putamen. Elevated PLR levels were linked to atrophy in the left cau-

dal middle frontal gyrus, inferior temporal gyrus, posterior cingulate

cortex, precuneus, rostral anterior cingulate cortex, superior frontal

gyrus, as well as the bilateral hippocampus, pallidum, and putamen.

Moreover, elevated SII levels were associated with atrophy in the left

caudal middle frontal gyrus, lateral orbitofrontal cortex, rostral mid-

dle frontal gyrus, superior frontal gyrus, and insula, as well as the right

fusiform gyrus, lateral orbitofrontal cortex, precentral gyrus, and ros-

tral middle frontal gyrus. Bilateral atrophy was also observed in the

hippocampus, putamen, pallidum, and right amygdala, along with the

right thalamus. Furthermore, plasma NLR showed significant positive

associations with the uptake of the amyloid tracer 18F-AV45 in the

left hippocampus, while SII demonstrated strong positive associations

with the uptake of 18F-AV45 in the right hippocampus. However, we

did not observe any associations between peripheral immunity mark-

ers and FDG-PET or TAU-PET (Figure 4, Figures S4-S7 in supporting

information).

3.6 Mediation analysis

Based on the aforementioned associations, we further observed that

the relationship between LMR andMMSE scores was totally mediated

by Aβ, with a mediation proportion of 82.4% (Figure 3B). Similarly, the

association between NLR and MMSE scores was totally mediated by

Aβ, with a mediation proportion of 62.2%. Additionally, the associa-

tion betweenNLR andMoCA scoreswas totallymediated byAβ, with a
mediation proportion of 84.0% (Figure 3C).

4 DISCUSSION

In this study, we thoroughly investigated the connections among eight

peripheral immunity markers and various biomarkers, cognitive func-

tion, and neuroimaging markers in a large cross-sectional cohort of

the Chinese population. Our findings revealed compelling evidence of

connections betweenWBCs, NEs, MNCs, NLR, PLR, LMR, and SII with

cognitive function decline. Moreover, we observed significant rela-

tionships among NEs, NLR, and SII with the severity of anxiety and

depression, while LYMs,NLR, and LMRexhibited connectionswithCSF

Aβ levels. Furthermore, NLR, PLR, and SII demonstrated significant

links with plasma NfL levels and brain atrophy. Notably, NLR and SII

were also associatedwith the uptake of 18F-AV45 in the hippocampus,

indicating their potential involvement in AD.

In neurodegenerative diseases such as AD, PD, and MSA, neu-

roinflammation within the brain is characterized by the reactive

morphological changes observed in glial cells. This cellular and molec-

ular response is similar across different diseases and even resembles

the reaction seen in conditions like stroke or traumatic injury. Due to

methodological limitations, there have been challenges in conducting

widespread in vivo assessments of immune dysfunction within the

central nervous system (CNS) in humans. Nonetheless, a growing body

of evidence suggests that neurodegenerative diseases are accom-

panied by an inflammatory response in the CNS, which is reflected,

to some extent, by the increased expression of pro-inflammatory

markers in the CSF. A study demonstrated a negative association

between CSF MLR and executive function in individuals with aging

and dementia. This finding highlights the value of CSF inflammation

indicators in identifying connections between innate immune dysfunc-

tion and neurodegenerative processes.21 This immune dysfunction

was previously thought to be restricted to the CNS, but accumulating

data indicate pivotal contributions of the peripheral immune system

as well.

Consistent with most previous studies, we found the levels of

peripheral immunitymarkers differedbetween sexes and changedwith

age.22,23 This could be explained by estradiol, which has been found

to prolong the survival of neutrophils by delaying their apoptosis and

decreasing the production of LYMs in the bone marrow.24,25 Research

has indicated that as individuals age, their immune system changes

both in composition and function. These changes lead to increased

levels of chronic inflammation and a decreased capacity to mount

effective immune responses against pathogens. In aging mice, there

is a shift in hematopoietic stem cells toward producing more myeloid

cells at the expense of lymphoid cells, and similar patterns have been

observed in elderly humans.26,27

Our study revealed that LYM levels were significantly lower in all

disease groups compared to the CN group, consistent with previous

research.28,29 However, there were no differences in WBC and mono-

cyte levels among the groups. In terms of NE levels, we observed a

difference only between the CN group and the tauopathies pathol-

ogy group. The variations in the ratio of inflammatory cells between

the groups can largely be attributed to variations in LYM levels. A

decrease in LYM count indicates a significant reduction in the body’s

ability to defend against infections. The decrease in peripheral LYM

cells in AD can be attributed to three reasons. First, changes in the

thymic environment may hinder LYM differentiation. Second, CD8+

LYMs may be trapped in the brain of AD patients. Third, degenera-

tive processes and the presence of immunostimulatory molecules may

attract T cells to specific sites. The role of these invading T cells in AD

is still unclear, as they can both contribute to inflammation and offer

protective functions. Additionally, genetic instabilitiesmay shorten the

lifespan of LYMs in AD. These findings suggest that LYMs and NEs may
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F IGURE 4 Associations of peripheral immunity markers with volumes of the cortical and subcortical regions. The t value was generated from
multivariable regression analyses after adjusting for age, sex, education, and BMI. Controlling for multiple comparisons was performedwith the
false discovery ratemethod of Benjamini and Hochberg. The color bar represents the range of t values. AV45 PET, 18F-florbetapir positron
emission tomography; BMI, bodymass index;MRI, magnetic resonance imaging; NLR, neutrophil-to-lymphocyte ratio; PLR,
platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index.

be involved in thepathogenesis of neurodegenerativediseases through

certain mechanisms, necessitating further research.

LYMs, NLR, and LMR are highly correlated with the levels of Aβ
in CSF. Furthermore, through mediation analysis, we found that the

impact of NLR and LMR on cognitive function is fully mediated by

Aβ. The prevailing consensus from numerous prior studies suggests an

overall increase in functional T cells in the blood of AD patients.30,31

However, these previous studies generally lack a comprehensive anal-

ysis of AD biomarkers, warranting a more detailed investigation. Aβ is
a characteristic pathological feature of AD, and our research findings

suggest that LYMs may be involved in the pathophysiological pro-

cesses of AD, potentially occurring in the early stages of the disease.

APP is cleaved by β-secretase and γ-secretase to produce Aβ, which
forms amyloid plaques.32,33 Autoantibodies to Aβ have been found to

be elevated in AD patients and mice, indicating Aβ can act as a self-

antigen.34 Aβ-reactive T cells were also detected in the blood of AD

patients.35 Unexpectedly, recent research has revealed that CD4+ T

cells exhibit high levels of beta-secretase (BACE1) expression. BACE1

can cleave the extracellular portion of amyloid precursor protein,

resulting in the production of Aβ. Moreover, BACE1 has been found to

play a role in activating T cells in both the experimental autoimmune

encephalomyelitis and AD mouse models.36 A recent study convinc-

ingly demonstrated that elevations in antigen-experienced adaptive

immunecells in thebloodstreamare strongly correlatedwith the status

of cerebral Aβ and its dynamic changes over time.37

In addition, we found significant associations among peripheral

immunity markers and cognitive function, anxiety and depression,

blood NfL levels, and brain atrophy. These markers are classified

under the “N” category in the ATN (amyloid/tau/neurodegeneration)

framework, representing neuronal death. Numerous studies have

consistently reported a connection between peripheral markers of

inflammation and cognitive function.38–40 Regarding WBCs, there

is substantial evidence suggesting a link among various types of

leukocytes and endothelial dysfunction, thrombosis formation, and

the generation of superoxide radicals. Moreover, leukocytes have

been implicated in the development of vascular complications.41,42

A prospective follow-up study conducted by Vinkers et al. demon-

strated that generalized atherosclerosis contributes to cognitive

decline in older adults.43 Taking these findings into account, it can be

inferred that elevated WBC counts are associated with the progres-

sion of vascular damage in the human brain. Studies have revealed

that neutrophils play a role in AD models. In the APP/PS1 mouse

model, removing neutrophils through antibody injection resulted in

improved blood flow to the brain and better performance in the object

replacement task.44 Similarly, in the 5XFAD and 3XTg-AD models,

sustained neutrophil depletion during the early stages of the disease

led to reduced glial activation in the brain, enhanced performance

in contextual fear conditioning and Y-maze tasks, and prolonged

cognitive benefits.45 The main reason behind these findings is that

neutrophils enter the brain of these mice and gather near Aβ plaques,
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where they release neutrophil extracellular traps, leading to increased

oxidative stress, brain tissue damage, glial activation, and sustained

brain inflammation. It is possible that neutrophils have an impact on

cognitive function in AD, and regulating their activity may be a viable

therapeutic option to alleviate related impairments.

This study is constrained by the sample size, and as a result, future

research could further explore the utility of the p-tau181/Aβ42 ratio as
a biological marker with a larger andmore diverse sample population.

ACKNOWLEDGMENTS

We are grateful to individuals who participated in the study. This

study was supported by grants from the Science and Technology

Innovation 2030Major Projects (2022ZD0211600); the National Nat-

ural Science Foundation of China (82071201, 81971032, 82001133);

Shanghai Municipal Science and Technology Major Project (No.

2018SHZDZX01); Research Start-up Fund of Huashan Hospital

(2022QD002); Excellence 2025 Talent Cultivation Program at Fudan

University (3030277001); and ZHANGJIANG LAB, Tianqiao and

Chrissy Chen Institute, and the State Key Laboratory of Neurobiology

and Frontiers Center for Brain Science ofMinistry of Education, Fudan

University. W.C. was supported by grants from the National Natural

Sciences FoundationofChina (No. 82071997) and the Shanghai Rising-

Star Program (No. 21QA1408700). The funding sources had no role in

the design and conduct of the study; collection, management, analysis,

and interpretation of the data; preparation, review, or approval of the

manuscript; and decision to submit themanuscript for publication.

CONFLICT OF INTEREST STATEMENT

The authors declare no competing interests. Author disclosures are

available in the supporting information.

CONSENT STATEMENT

All participants or legal guardians gave their written informed consent.

All procedures complied with the Declaration of Helsinki, and ethics

approval was received from the institutional review boards.

REFERENCES

1. 2021 Alzheimer’s disease facts and figures. Alzheimers Dement.
2021;17:327-406.

2. Russo MV, McGavern DB. Inflammatory neuroprotection following

traumatic brain injury. Science. 2016;353:783-785.
3. Dani N, Herbst RH, McCabe C, et al. A cellular and spatial map of the

choroid plexus across brain ventricles and ages. Cell. 2021;184:3056-
3074. e21.

4. Shechter R, Miller O, Yovel G, et al. Recruitment of beneficial M2

macrophages to injured spinal cord is orchestrated by remote brain

choroid plexus. Immunity. 2013;38:555-569.
5. SweeneyMD, Sagare AP, Zlokovic BV. Blood-brain barrier breakdown

in Alzheimer disease and other neurodegenerative disorders. Nat Rev
Neurol. 2018;14:133-150.

6. Kuyumcu ME, Yesil Y, Ozturk ZA, et al. The evaluation of neutrophil-

lymphocyte ratio in Alzheimer’s disease. Dement Geriatr Cogn Disord.
2012;34:69-74.

7. Munoz-Delgado L, Macias-Garcia D, Jesus S, et al. Peripheral immune

profile and neutrophil-to-lymphocyte ratio in Parkinson’s disease.Mov
Disord. 2021;36:2426-2430.

8. Inci I, Kusbeci OY, Eskut N. The neutrophil-to-lymphocyte ratio

as a marker of peripheral inflammation in progressive supranu-

clear palsy: a retrospective study. Neurol Sci. 2020;41:1233-

1237.

9. Wei QQ, Hou YB, Zhang LY, et al. Neutrophil-to-lymphocyte ratio in

sporadic amyotrophic lateral sclerosis.Neural Regen Res. 2022;17:875-
880.

10. Choi SJ, Hong YH, Kim SM, Shin JY, Suh YJ, Sung JJ. High neutrophil-

to-lymphocyte ratio predicts short survival duration in amyotrophic

lateral sclerosis. Sci Rep. 2020;10:428.
11. Zhang L, Cao B, Hou Y, et al. High neutrophil-to-lymphocyte ratio

predicts short survival in multiple system atrophy. NPJ Parkinsons Dis.
2022;8:11.

12. McKhann GM, Knopman DS, Chertkow H, et al. The diagnosis of

dementia due to Alzheimer’s disease: recommendations from the

National Institute on Aging-Alzheimer’s Association workgroups on

diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement.
2011;7:263-269.

13. Albert MS, DeKosky ST, Dickson D, et al. The diagnosis of mild cog-

nitive impairment due to Alzheimer’s disease: recommendations from

the National Institute on Aging-Alzheimer’s Association workgroups

on diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement.
2011;7:270-279.

14. Rascovsky K, Hodges JR, Knopman D, et al. Sensitivity of revised diag-

nostic criteria for the behavioural variant of frontotemporal dementia.

Brain. 2011;134:2456-2477.
15. Gilman S, Wenning GK, Low PA, et al. Second consensus statement

on the diagnosis of multiple system atrophy. Neurology. 2008;71:
670-676.

16. Hoglinger GU, Respondek G, Stamelou M, et al. Clinical diagnosis

of progressive supranuclear palsy: the movement disorder society

criteria.Mov Disord. 2017;32:853-864.
17. Postuma RB, Berg D, SternM, et al. MDS clinical diagnostic criteria for

Parkinson’s disease.Mov Disord. 2015;30:1591-1601.
18. Foster LA, Salajegheh MK. Motor neuron disease: pathophysiology,

diagnosis, andmanagement. Am JMed. 2019;132:32-37.
19. McKeith IG, Boeve BF, Dickson DW, et al. Diagnosis and management

of dementia with Lewy bodies: fourth consensus report of the DLB

consortium.Neurology. 2017;89:88-100.
20. Zhang YR, Wang JJ, Chen SF, et al. Peripheral immunity is associated

with the risk of incident dementia. Mol Psychiatry. 2022;27:1956-
1962.

21. Snyder A, Grant H, Chou A, et al. Immune cell counts in cerebrospinal

fluid predict cognitive function in aging and neurodegenerative dis-

ease. Alzheimers Dement. 2023;19:3339-3349.
22. Moosmann J, Krusemark A, Dittrich S, et al. Age- and sex-specific

pediatric reference intervals for neutrophil-to-lymphocyte ratio,

lymphocyte-to-monocyte ratio, and platelet-to-lymphocyte ratio. Int J
Lab Hematol. 2022;44:296-301.

23. Chen Y, Zhang Y, Zhao G, et al. Difference in leukocyte composition

between women before and after menopausal age, and distinct sexual

dimorphism. PLoS One. 2016;11:e0162953.
24. Molloy EJ, O’Neill AJ, Grantham JJ, et al. Sex-specific alterations in

neutrophil apoptosis: the role of estradiol and progesterone. Blood.
2003;102:2653-2659.

25. Medina KL, Smithson G, Kincade PW. Suppression of B lymphopoiesis

during normal pregnancy. J ExpMed. 1993;178:1507-1515.
26. Shaw AC, Goldstein DR, Montgomery RR. Age-dependent dysregula-

tion of innate immunity.Nat Rev Immunol. 2013;13:875-887.
27. Pang WW, Price EA, Sahoo D, et al. Human bone marrow hematopoi-

etic stemcells are increased in frequency andmyeloid-biasedwith age.

Proc Natl Acad Sci USA. 2011;108:20012-20017.
28. Chen SH, Bu XL, Jin WS, et al. Altered peripheral profile of blood cells

in Alzheimer disease: a hospital-based case-control study. Medicine
(Baltimore). 2017;96:e6843.



LI ET AL. 11 of 11

29. Shad KF, Aghazadeh Y, Ahmad S, Kress B. Peripheral markers

of Alzheimer’s disease: surveillance of white blood cells. Synapse.
2013;67:541-543.

30. Tan J, Town T, Abdullah L, et al. CD45 isoform alteration in CD4+

T cells as a potential diagnostic marker of Alzheimer’s disease. J
Neuroimmunol. 2002;132:164-172.

31. Larbi A, Pawelec G, Witkowski JM, et al. Dramatic shifts in circulat-

ing CD4 but not CD8 T cell subsets in mild Alzheimer’s disease. J
Alzheimers Dis. 2009;17:91-103.

32. Cole SL, Vassar R. The Alzheimer’s disease beta-secretase enzyme,

BACE1.Mol Neurodegener. 2007;2:22.
33. Kimberly WT, LaVoie MJ, Ostaszewski BL, Ye W, Wolfe MS, Selkoe

DJ. Gamma-secretase is a membrane protein complex comprised

of presenilin, nicastrin, Aph-1, and Pen-2. Proc Natl Acad Sci USA.
2003;100:6382-6387.

34. Nath A, Hall E, Tuzova M, et al. Autoantibodies to amyloid beta-

peptide (Abeta) are increased in Alzheimer’s disease patients and

Abeta antibodies can enhance Abeta neurotoxicity: implications for

disease pathogenesis and vaccine development. Neuromolecular Med.
2003;3:29-39.

35. Fisher Y, NemirovskyA, BaronR,MonsonegoA. T cells specifically tar-

geted to amyloid plaques enhance plaque clearance in a mouse model

of Alzheimer’s disease. PLoS One. 2010;5:e10830.
36. Hernandez-Mir G, Raphael I, Revu S, et al. The Alzheimer’s disease-

associated protein BACE1 modulates T cell activation and Th17

function. J Immunol. 2019;203:665-675.
37. Gericke C, Kirabali T, Flury R, et al. Early beta-amyloid accumulation

in the brain is associated with peripheral T cell alterations. Alzheimers
Dement. 2023 Jun 14. Online ahead of print. doi:10.1002/alz.13136

38. Lin T, Liu GA, Perez E, et al. Systemic inflammation mediates age-

related cognitive deficits. Front Aging Neurosci. 2018;10:236.
39. Marsland AL, Petersen KL, Sathanoori R, et al. Interleukin-6 covaries

inversely with cognitive performance among middle-aged community

volunteers. PsychosomMed. 2006;68:895-903.

40. Boots EA, Castellanos KJ, Zhan L, et al. Inflammation, cognition, and

white matter in older adults: an examination by race. Front Aging
Neurosci. 2020;12:553998.

41. TongPC, LeeKF, SoWY, et al.White blood cell count is associatedwith

macro- andmicrovascular complications in Chinese patients with type

2 diabetes.Diabetes Care. 2004;27:216-222.
42. Fuster V. Lewis A. Conner Memorial Lecture. Mechanisms leading

to myocardial infarction: insights from studies of vascular biology.

Circulation. 1994;90:2126-2146.
43. Vinkers DJ, StekML, van derMast RC, et al. Generalized atherosclero-

sis, cognitive decline, and depressive symptoms in old age. Neurology.
2005;65:107-112.

44. Cruz Hernandez JC, Bracko O, Kersbergen CJ, et al. Neutrophil

adhesion in brain capillaries reduces cortical blood flow and impairs

memory function in Alzheimer’s disease mouse models. Nat Neurosci.
2019;22:413-420.

45. Zenaro E, Pietronigro E, Della Bianca V, et al. Neutrophils promote

Alzheimer’s disease-like pathology and cognitive decline via LFA-1

integrin.NatMed. 2015;21:880-886.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Li J-Q, Zhang Y-R,WangH-F, et al.

Exploring the links among peripheral immunity, biomarkers,

cognition, and neuroimaging in Alzheimer’s disease. Alzheimer’s

Dement. 2023;15:e12517.

https://doi.org/10.1002/dad2.12517

https://doi.org/10.1002/alz.13136
https://doi.org/10.1002/dad2.12517

	Exploring the links among peripheral immunity, biomarkers, cognition, and neuroimaging in Alzheimer’s disease
	Abstract
	1 | BACKGROUND
	2 | METHODS
	2.1 | Participants
	2.2 | Peripheral immunity markers
	2.3 | Plasma and cerebrospinal fluid biomarkers
	2.4 | Cognitive and neuropsychological assessments
	2.5 | Image acquisition and processing
	2.6 | Statistical analyses

	3 | RESULTS
	3.1 | Demographics
	3.2 | Peripheral immunity marker levels in different diagnostic groups
	3.3 | Associations of peripheral immunity markers with CSF/plasma biomarkers
	3.4 | Associations of peripheral immunity markers with cognitive/neuropsychological assessments
	3.5 | Associations of peripheral immunity markers with neuroimaging markers
	3.6 | Mediation analysis

	4 | DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	CONSENT STATEMENT
	REFERENCES
	SUPPORTING INFORMATION


