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Abstract 

Background An elevated neutrophil–lymphocyte ratio (NLR) in blood has been associated with Alzheimer’s dis‑
ease (AD). However, an elevated NLR has also been implicated in many other conditions that are risk factors for AD, 
prompting investigation into whether the NLR is directly linked with AD pathology or a result of underlying comor‑
bidities. Herein, we explored the relationship between the NLR and AD biomarkers in the cerebrospinal fluid (CSF) 
of cognitively unimpaired (CU) subjects. Adjusting for sociodemographics, APOE4, and common comorbidities, we 
investigated these associations in two cohorts: the Alzheimer’s Disease Neuroimaging Initiative (ADNI) and the M.J. 
de Leon CSF repository at NYU. Specifically, we examined associations between the NLR and cross‑sectional measures 
of amyloid‑β42 (Aβ42), total tau (t‑tau), and phosphorylated  tau181 (p‑tau), as well as the trajectories of these CSF 
measures obtained longitudinally.
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Background
Alzheimer’s disease (AD), the most common form of 
dementia, is characterized by amyloid-β (Aβ) plaques, 
neurofibrillary tangles (NFTs), and neuronal death 
[1]. Biomarkers of these pathological features can be 
detected in the brain through neuroimaging such as 
magnetic resonance imaging (MRI) or positron emis-
sion tomography (PET), as well as in the cerebrospi-
nal fluid (CSF) and blood. With these modalities, the 
National Institute on Aging and Alzheimer’s Associa-
tion (NIA-AA) proposed an Aβ/tau/neurodegeneration 
(A/T/N) framework, and more recently inflammation/
vascular/α-synuclein (I/V/S), to standardize the evalu-
ation of biomarkers in AD research [2]. However, vari-
ability in AD progression and cognitive outcomes of 
individuals classified using the A/T/N framework, cou-
pled with substantial evidence from genome-wide asso-
ciation studies (GWAS) implicating immune system 
genes in AD development, suggests an important role 
of immune response mechanisms in the pathophysiol-
ogy of AD [3–6].

Recent research has found neutrophils in the brains 
of AD patients, particularly near Aβ plaques, as well as 
increased numbers in the peripheral blood, suggest-
ing a role of the innate immune response and systemic 
inflammation in AD progression [7–9]. Key players in 
the adaptive immune response have also been suggested 
in AD, with elevated lymphocyte levels observed near 
Aβ plaques and tau aggregates in the brain, and vari-
ations in lymphocyte phenotypes reported in the CSF 
and peripheral blood [10–15]. Alterations in the levels 
of peripheral cytokines involved in the innate and adap-
tive immune response have also been reported in AD 
patients, and some studies have even linked cytokine 
levels with the rate of cognitive decline in AD, including 

TNF-α, IFN-γ, and IL-10 [16–18]. The neutrophil–lym-
phocyte ratio (NLR) in blood, often used as a general 
indicator of the balance between systemic inflammation 
and the adaptive immune response, has been associated 
with AD pathology, with elevated ratios seen in individu-
als with AD dementia and mild cognitive impairment 
(MCI) due to AD [19–22]. Prior epidemiological research 
has also shown an association between the NLR and inci-
dent dementia risk in the elderly population [23]. How-
ever, previous studies investigating the NLR in relation 
to AD/MCI have reported variable findings with some 
showing associations that failed to persist after adjust-
ing for APOE4 and sociodemographic information [24, 
25], while others showed associations that persisted 
after these adjustments [19, 20, 22, 26]. Relatedly, previ-
ous studies were generally focused on end-stage disease, 
where it is challenging to disentangle the effects of age 
and comorbid chronic conditions known to increase the 
NLR in addition to being risk factors for AD (e.g., obesity, 
diabetes, hypertension) [27–40]. Moreover, few studies 
have focused on analyzing the NLR in specific relation to 
amyloid and tau pathology, and none have had this focus 
within CU subjects while accounting for comorbidities.

The aim of our study was to investigate the associa-
tions between the NLR and AD biomarkers in a preclini-
cal population, and to compare associations before and 
after comprehensive adjustment for comorbidities. In 
accordance with the A/T/N research framework, associa-
tions with Aβ were assessed via CSF Aβ42, with tau via 
CSF phosphorylated tau at threonine 181 (p-tau), and 
with neurodegeneration via CSF total tau (t-tau) [2]. The 
study analyzed data from two distinct cohorts: the Alz-
heimer’s Disease Neuroimaging Initiative (ADNI), and 
the M.J. de Leon CSF repository at New York University 
(NYU), which is among the most extensive preclinical 

Results A total of 111 ADNI and 190 NYU participants classified as CU with available NLR, CSF, and covariate data 
were included. Compared to NYU, ADNI participants were older (73.79 vs. 61.53, p < 0.001), had a higher proportion 
of males (49.5% vs. 36.8%, p = 0.042), higher BMIs (27.94 vs. 25.79, p < 0.001), higher prevalence of hypertensive history 
(47.7% vs. 16.3%, p < 0.001), and a greater percentage of Aβ‑positivity (34.2% vs. 20.0%, p = 0.009). In the ADNI cohort, 
we found cross‑sectional associations between the NLR and CSF Aβ42 (β = ‑12.193, p = 0.021), but not t‑tau or p‑tau. 
In the NYU cohort, we found cross‑sectional associations between the NLR and CSF t‑tau (β = 26.812, p = 0.019) 
and p‑tau (β = 3.441, p = 0.015), but not Aβ42. In the NYU cohort alone, subjects classified as Aβ + (n = 38) displayed 
a stronger association between the NLR and t‑tau (β = 100.476, p = 0.037) compared to Aβ‑ subjects or the non‑strati‑
fied cohort. In both cohorts, the same associations observed in the cross‑sectional analyses were observed after incor‑
porating longitudinal CSF data.

Conclusions We report associations between the NLR and Aβ42 in the older ADNI cohort, and between the NLR 
and t‑tau and p‑tau in the younger NYU cohort. Associations persisted after adjusting for comorbidities, suggesting 
a direct link between the NLR and AD. However, changes in associations between the NLR and specific AD biomarkers 
may occur as part of immunosenescence.

Keywords NLR, Neutrophil to lymphocyte ratio, CSF, T‑tau, P‑tau, Amyloid‑β, Alzheimer’s disease
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AD datasets with longitudinal complete blood count 
(CBC) and CSF data. We conducted a two-fold investiga-
tion examining: 1) cross-sectional associations between 
the baseline (first visit) NLR and baseline CSF biomarker 
measures, and 2) associations between the baseline NLR 
and longitudinal CSF biomarker measures obtained 
throughout follow-up visits. Further, since it has been 
reported that age-related increases in CSF p-tau and t-tau 
are dependent on Aβ burden in the preclinical setting 
[41–43], we subsequently examined these associations 
among participants categorized as Aβ- or Aβ + (based 
on CSF values) to investigate potential interrelatedness 
between the NLR, amyloid burden, and p-tau and t-tau 
outcomes.

Materials and methods
Study population
ADNI
The ADNI cohort data included in this study were 
obtained from the study website (https:// adni. loni. usc. 
edu/). The ADNI study was launched in 2003 as a pub-
lic–private partnership, led by Principal Investigator 
Michael W. Weiner, MD. The primary focus of ADNI 
has been to track cognitive impairment progression and 
AD onset through a longitudinal study cohort while col-
lecting clinical, biochemical, genetic, and imaging data. 
Recruited participants were between the ages of 55 and 
90  years with cognitive statuses of cognitively unim-
paired (CU), mild cognitive impairment (MCI), and AD. 
One CBC test was conducted for each subject as part of 
screening procedures, but subjects underwent additional 
biofluid testing, including CSF samples, during baseline 
and follow-up visits. Subjects included in this study were 
from the first three ADNI waves: ADNI1, ADNIGO, and 
ADNI2. The ADNI is a multisite program that abides by 
a standard protocol, and each site involved in data col-
lection received local Institutional Review Board (IRB) 
approval. Written informed consent was obtained from 
enrolled subjects. Updated study information is available 
on the ADNI website.

NYU
The NYU cohort data included in this study were derived 
from multiple NIH-supported longitudinal studies span-
ning from 1996 to 2016, conducted under Principal 
Investigator Dr. Mony J de Leon. All studies shared the 
goal of identifying CSF biomarkers and MRI predictors 
of cognitive impairment in aging, and they included a 
standard protocol of medical, neurological, psychiat-
ric, and neuropsychological testing in addition to clini-
cal laboratory work, neuroimaging, and AD biomarker 
assessments. All recruited participants were community-
dwelling volunteers between the ages of 45–90 years, and 

recruiting methodologies did not vary between stud-
ies. All studies were approved by the NYU Grossman 
School of Medicine Institutional Review Board (IRB), 
and written informed consent was obtained from each 
participant.

Study criteria
Participants from the ADNI and NYU cohorts met study 
criteria if they were given a clinical diagnosis of CU at the 
time of CBC collection and had at least one accessible 
account of neutrophil and lymphocyte measures, demo-
graphic information, BMI, and APOE4 status, as well as 
medical histories indicating the presence/absence of Type 
2 diabetes mellitus (T2DM) and hypertension. Subjects 
were also required to have undergone a CSF exam with 
accessible measures of Aβ42, t-tau, and p-tau, considered 
only if CBC and CSF exams were collected concurrently. 
Outliers with CSF measures taken over 500 days from the 
baseline assessments were not considered in the analysis, 
as adjustments were based on baseline values.

CBC clinical lab measurements
In the ADNI study, CBC exams were conducted during 
study screening visits for all participants, which took 
place a maximum of 28 days before baseline visits. Sub-
jects were not required to fast before this blood draw. All 
blood collection vials were placed on dry ice and shipped 
for analysis the day of collection. Details on the ADNI 
methodology can be found on the ADNI website (http:// 
www. adni- info. org/).

In the NYU cohort, CBC exams were conducted at 
baseline. Blood draws were collected in a fasting state. 
Samples were delivered for laboratory analysis immedi-
ately after collection.

NLR values for both cohorts were defined as the ratio 
of absolute neutrophils to absolute lymphocytes in the 
blood as determined by the CBC panel.

Vascular risk factors
In the ADNI study, history of hypertension was assessed 
during screening as part of the Modified Hachinski 
Ischemic Scale. Accordingly, the presence of hypertensive 
history was defined by a blood pressure > 150/95 for at 
least 6 months prior to the screen. The presence of Type 
2 diabetes mellitus (T2DM) was defined by self-reported 
diagnosis during medical history evaluations.

In the NYU cohort, the presence of hypertensive history 
was defined by physical examination, a self-reported prior 
diagnosis, and documented use of hypertension medica-
tion. The presence of T2DM was defined by laboratory 
testing, a self-reported diagnosis, and medication history.

In both cohorts, body mass index (BMI) was computed 
as [weight (pounds) × 703] /  height2 (inches).

https://adni.loni.usc.edu/
https://adni.loni.usc.edu/
http://www.adni-info.org/
http://www.adni-info.org/
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CSF measurements
In the ADNI study, CSF samples were collected for each 
participant at baseline as well as during select follow-
ups. Lumbar punctures (LPs) were performed after a 
minimum 6 h fast, and samples were immediately placed 
on dry ice and shipped overnight to the University of 
Pennsylvania Medical Center’s ADNI Biomarker Core 
Laboratory for analysis. The samples were run on the 
multianalyte Luminex xMAP platform using INNO-BIA 
AlzBio3 immunoassay reagents to detect Aβ42, t-tau and 
p-tau concentrations simultaneously [44]. Longitudinal 
CSF collections were scaled to baseline. More informa-
tion regarding CSF collection and analysis is discussed 
in the ADNI procedures manuals for each wave (http:// 
www. adni- info. org/).

In the NYU cohort, CSF samples were collected at 
baseline and during select follow-ups. All LPs, CSF sam-
ple collections, and analyses were conducted in accord-
ance with the recommendations of Vanderstichele et  al. 
(2012) as they have been previously described [45, 46]. 
In summary, LPs were performed between 10am-12 pm 
after an overnight fast and a light breakfast. Concen-
trations of Aβ42, t-tau, and p-tau were obtained using 
INNOTEST sandwich enzyme-linked immunosorbent 
assays (ELISA). For Aβ42, batch-wise rescaling to a ref-
erence batch was conducted through linear regression, 
which reduced the coefficient of variation from 20 to 10%. 
No rescaling was conducted for t-tau or p-tau, which had 
coefficients of variation of 9% between batches.

Statistical analyses
R 4.2.2 was utilized for all statistical analyses and data vis-
ualization. Linear Mixed Models (LMM) were conducted 
using the lmerTest package [47]. Comparative descriptive 
tables, utilizing Pearson’s chi-squared test for categorical 
variables and one-way ANOVA for continuous variables, 
were generated with the tableone package [48]. Graphical 
figures, including linear trendlines and standard errors, 
were created using the ggplot2 package [49].

The analyses involved the following variables: (a) NLR 
as an independent variable; (b) the three CSF biomarker 
measures as the outcome variables; and (c) demographic 
and clinical parameters, including age, sex, education, 
race, APOE4 status, time between CBC and CSF meas-
urements, diabetes, BMI, and history of hypertension as 
covariates. A univariate model with the NLR as the only 
covariate was also constructed as part of each analysis in 
order to compare associations pre- and post-adjustment.

Generalized Linear Models (GLM) were used for the 
cross-sectional analyses, while LMM were utilized to 
explore baseline NLR associations with longitudinal CSF 
data. Accordingly, a time variable was implemented into 
the LMM independently and as an interaction variable 

with the NLR to determine variability over time. Random 
intercepts were also modeled for each subject in order 
to account for variation in baseline levels of the CSF 
outcomes and allow for individual-specific deviations 
from the overall model intercept. Lastly, mixed models 
were also adjusted to account for participants who were 
CU at CBC collection but experienced cognitive decline 
throughout the longitudinal collection of CSF data. This 
variable was included as a binary indicator in the models.

For the subset analyses based on amyloid status, the 
categorization of positivity was determined based on 
CSF values in each cohort. In the ADNI cohort, a cut-
off threshold of Aβ42 < 192 pg/mL was used, as recom-
mended by Shaw et al. (2009) [50]. In the NYU cohort, a 
cutoff threshold of Aβ42 < 469.5 pg/mL was used, based 
on an internal value determined through ROC analysis 
to distinguish between CU and AD subjects. This opti-
mal cutoff point exhibited 85% sensitivity and 70% speci-
ficity, and it was established based on CSF data from a 
total of 254 subjects, comprising 177 who were CU 
(mean age 61.5 ± 11.4, 63% women), 44 with MCI (mean 
age 73.4 ± 9.6, 59% women), and 33 with AD (mean age 
74.1 ± 9.1, 70% women).

For sensitivity purposes and to integrate the data from 
both cohorts, a p-value meta-analysis using Stouffer’s 
method was conducted to obtain an overall assessment 
of statistical significance and generalizability. Stouffer’s 
method utilizes only p-values, sample sizes, and esti-
mated directions to compute overall significance, so 
this method enabled an integrated assessment despite 
different CSF biomarker assays and detection meth-
ods between cohorts. For the purposes of this study, we 
defined statistical significance as p < 0.050. All reported 
p-values are two-tailed.

Results
Population characteristics
A total of 111 ADNI participants and 190 NYU par-
ticipants were included in the study, all of whom were 
defined as CU at baseline (Fig.  1). Demographic and 
clinical characteristics at the baseline visit, stratified by 
cohort, are outlined in Table  1. Compared to the NYU 
cohort, the ADNI cohort was older (73.79 vs. 61.53, 
p < 0.001), had a higher proportion of males (49.5% 
vs. 36.8%, p = 0.042), higher BMIs (27.94 vs. 25.79, 
p < 0.001), higher prevalence of hypertensive history 
(47.7% vs. 16.3%, p < 0.001), and a greater percentage 
of Aβ-positivity (34.2% vs. 20.0%, p = 0.009). The mean 
number of days between baseline CBC and CSF exams 
was 81.73 in the ADNI cohort and 28.33 in the NYU 
cohort (p < 0.001).

The same demographic and clinical characteristics, 
stratified by the median NLR at baseline for each cohort, 

http://www.adni-info.org/
http://www.adni-info.org/
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can be found in Supplementary Table 1 (ADNI) and Sup-
plementary Table  2 (NYU). Additionally, direct associa-
tions between the NLR and each of these characteristics 
at baseline are outlined in Supplementary Table 3. In the 
ADNI cohort alone, subjects in the upper median NLR 
at baseline demonstrated a significantly greater preva-
lence of cognitive decline throughout longitudinal visits 
with CSF exams, compared to the lower median (1.8% 
vs. 18.2%, p = 0.011). However, the NLR did not associate 
with any baseline demographic or clinical variables in the 
ADNI cohort. In contrast, the NLR associated with sex 
(p = 0.035), race (p = 0.030), and BMI (p = 0.040) at base-
line in the NYU cohort.

After incorporating longitudinal CSF data (ADNI, 
n = 274 data points; NYU, n = 346), the mean number 
of follow-up visits was 2.47 in the ADNI cohort and 
1.82 in the NYU cohort. The median time between CSF 

follow-up exams for a given subject, in years, was 1.03 
[0.99, 1.95] within the ADNI cohort and 2.07 [1.75, 2.50] 
within the NYU cohort.

Associations between the NLR and CSF markers
ADNI Cohort
In the cross-sectional analysis of the ADNI cohort 
(Table 2), baseline NLR inversely correlated with baseline 
Aβ42 levels in the univariate model (β = -11.623 ± 5.236, 
p = 0.029) and after adjustment (β = -12.193 ± 5.185, 
p = 0.021). No associations of the NLR with t-tau or 
p-tau were observed. Upon partitioning the cohort into 
Aβ- and Aβ + subjects, no associations were observed 
between the NLR and any of the baseline CSF measures 
in either subset (Table  3). Fig.  2 represents the baseline 
associations between the CSF markers and the NLR in 
the full cohorts and stratified by amyloid positivity status.

Fig. 1 Study inclusion criteria. All subjects included in the analysis obtained a CBC exam at baseline, from which the NLR was calculated. Subjects 
were then filtered based on the availability of clinical, demographic, and CSF data collected during baseline visits in addition to receiving a formal 
baseline diagnosis of cognitively unimpaired (CU). Outliers with CSF measures taken over 500 days from the CBC exam were not considered
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Similar results were obtained upon incorporating longi-
tudinal CSF data (Supplementary Table 4). Baseline NLR 
inversely correlated with Aβ42 levels throughout follow-
up exams in both the univariate model (β = -12.596 ± 5.343, 
p = 0.020) and after adjustment (β = -12.980 ± 5.221, 
p = 0.014). No associations with longitudinal measures of 

t-tau or p-tau were observed. Further, no associations were 
observed in the Aβ- nor Aβ + subgroup in this analysis 
(Supplementary Table 5). The trajectories of CSF measures 
throughout follow-up visits in subjects of the lower vs. 
upper median NLR at baseline are depicted in Fig. 3.

NYU Cohort
In the cross-sectional analysis of the NYU cohort, the baseline 
NLR positively associated with t-tau (β = 45.698 ± 17.799, 
p < 0.001) and p-tau (β = 5.211 ± 1.397, p < 0.001) lev-
els in the univariate models as well as after adjust-
ment (β = 26.812 ± 11.370, p = 0.019, and β = 3.441 ± 1.404, 
p = 0.015, respectively) (Table  2). No associations of the 
NLR with Aβ42 were identified. After partitioning the 
cohort by amyloid status (Table  3), univariate associa-
tions with t-tau (β = 21.980 ± 10.619, p = 0.040) and p-tau 
(β = 3.279 ± 1.364, p = 0.017) were observed in the Aβ- 
subgroup, but these associations did not persist after 
adjustment. In the Aβ + subgroup, univariate associations 
of the NLR with t-tau (β = 171.399 ± 38.922, p < 0.001) 
and p-tau (β = 15.105 ± 4.435, p = 0.002) were observed. 
In adjusted models, the association with t-tau was still 
significant (β = 100.476 ± 45.914, p = 0.037), but this was 
not the case for p-tau. Compared to the results in the 
full cohort, the strength of the association of the NLR to 
t-tau and p-tau levels was greater in the Aβ + subgroup 
(Table 3) (Fig. 2).

When looking at longitudinal data, the baseline NLR 
positively correlated with longitudinal measures of t-tau 
and p-tau in the univariate models (β = 44.321 ± 11.452, 
p < 0.001, and β = 5.382 ± 1.421, p < 0.001, respectively) 
as well as after adjustment (β = 26.525 ± 11.026, 
p = 0.017, and β = 3.594 ± 1.409, p = 0.012, respectively) 
(Supplementary Table  4). No associations with Aβ42 
were observed. In the Aβ- subgroup, univariate asso-
ciations were observed between the NLR and both t-tau 
(β = 20.912 ± 10.366, p = 0.045) and p-tau (β = 3.433 ± 1.376, 
p = 0.014) measures throughout follow-up, but neither 

Table 1 Participant Characteristics at Baseline

All included subjects had complete accounts of the above data. Categorical 
variable differences were calculated using chi-squared tests, and continuous 
variable differences were calculated using ANOVA tests. APOE4 positivity was 
defined by the presence of at least one APOE4 allele. CSF Aβ positivity was 
defined by the respective cut-off threshold for each cohort (NYU, < 469.5 pg/mL; 
ADNI, < 192 pg/mL). Days Between Exams was calculated as the number of days 
between the cross-sectional CSF exam and CBC exam from which the NLR was 
calculated. Cognitive decline refers to subjects who were given a diagnosis of 
MCI or AD during follow-up CSF collection, and this binary variable was included 
as an additional adjustment in the longitudinal analysis
* CSF measures were obtained and scaled using separate procedures for each 
cohort, including the use of different antibody assays, so cohort differences 
could not be calculated (see Materials and Methods)

ADNI NYU p

n 111 190

Age (Mean, SD) 73.79 (6.43) 61.53 (10.94)  < 0.001 ***

Sex (m) (n, %) 55 (49.5) 70 (36.8) 0.042 *

Education (Mean, SD) 16.25 (2.74) 16.75 (2.14) 0.082

Race (white) (n, %) 95 (85.6) 174 (91.6) 0.152

APOE4 (n, %) 32 (28.8) 58 (30.5) 0.857

Days Between Exams (Mean, 
SD)

81.73 (99.10) 28.33 (71.93)  < 0.001 ***

BMI (Mean, SD) 27.94 (4.65) 25.79 (4.39)  < 0.001 ***

History of Hypertension 
(n, %)

53 (47.7) 31 (16.3)  < 0.001 ***

Diabetic (n, %) 2 (1.8) 5 (2.6) 0.949

Cognitive Decline (n, %) 11 (9.9) 8 (4.2) 0.086

CSF Aβ Positive (n, %) 38 (34.2) 38 (20.0) 0.009 **

CSF Aβ (Mean, SD)* 211 (55) 714 (232) NA

CSF T‑Tau (Mean, SD)* 69 (33) 275 (146) NA

CSF P‑Tau (Mean, SD)* 30 (21) 46 (18) NA

NLR (Mean, SD) 2.23 (0.98) 2.09 (0.87) 0.209

Table 2 Cross‑Sectional Associations between the NLR and CSF Outcomes in the ADNI and NYU Cohorts

Unadjusted and adjusted linear regression models for the association of the NLR and the three outcome variables are shown (Aβ42, t-tau, p-tau). Adjusted models 
included age, sex, education, race, APOE4, time between CBC and CSF exams, BMI, history of hypertension, and diabetes. β coefficients, standard errors, and p-values 
are shown

Univariate Model Adjusted Model

Cohort CSF Outcome NLR β ± SE NLR p-value NLR β ± SE NLR p-value

ADNI Aβ42 ‑11.623 ± 5.236 0.029 ‑12.193 ± 5.185 0.021
t‑tau 5.126 ± 3.184 0.110 3.924 ± 3.247 0.230

p‑tau 2.602 ± 2.028 0.202 2.464 ± 2.029 0.227

NYU Aβ42 24.979 ± 19.373 0.199 19.109 ± 19.555 0.330

t‑tau 45.698 ± 17.799  < 0.001 26.812 ± 11.370 0.019
p‑tau 5.211 ± 1.397  < 0.001 3.441 ± 1.404 0.015



Page 7 of 15Jacobs et al. Immunity & Ageing           (2024) 21:32  

of these associations were observed post adjustment. 
In the Aβ + subgroup, univariate associations were 
observed with t-tau (β = 171.210 ± 37.745, p < 0.001) 
and p-tau (β = 15.456 ± 4.564, p = 0.002), and the asso-
ciation with t-tau, but not p-tau, persisted post adjust-
ment (β = 110.306 ± 44.852, p = 0.020). Similar to the 

cross-sectional analysis, the strength of the association 
of NLR and t-tau and p-tau levels was greater in the 
Aβ + subgroup compared to the full cohort (Supplemen-
tary Table 5). The trajectories of CSF measures through-
out follow-up visits in subjects of the lower vs. upper 
median NLR at baseline are depicted in Fig. 3.

Table 3 Cross‑Sectional Associations between the NLR and CSF Outcomes in the Amyloid Positive and Amyloid Negative Subsets of 
the ADNI and NYU Cohorts

Unadjusted and adjusted linear regression models for the association of the NLR and the three outcome variables are shown (Aβ42, t-tau, p-tau). Adjusted models 
included age, sex, education, race, APOE4, time between CBC and CSF exams, BMI, history of hypertension, and diabetes. Aβ positivity was defined by the CSF cut-off 
threshold for each cohort. β coefficients, standard errors, and p-values are shown

ADNI Cohort Aβ Negative (n = 73) Aβ Positive (n = 38)

Univariate Model Adjusted Model Univariate Model Adjusted Model

CSF Outcome β ± SE p‑value β ± SE p‑value β ± SE p‑value β ± SE p‑value

Aβ42 0.312 ± 3.749 0.934 ‑3.057 ± 3.934 0.440 ‑2.640 ± 4.465 0.558 2.145 ± 5.173 0.682

t‑tau 5.848 ± 3.221 0.074 5.620 ± 3.548 0.118 ‑1.473 ± 6.596 0.825 ‑7.596 ± 8.355 0.371

p‑tau ‑0.237 ± 1.471 0.872 0.197 ± 1.614 0.903 2.483 ± 4.735 0.603 ‑0.204 ± 6.250 0.974

NYU Cohort Aβ Negative (n = 152) Aβ Positive (n = 38)

Univariate Model Adjusted Model Univariate Model Adjusted Model

CSF Outcome β ± SE p‑value β ± SE p‑value β ± SE p‑value β ± SE p‑value

Aβ42 12.538 ± 16.199 0.440 3.946 ± 16.398 0.810 9.641 ± 18.712 0.610 17.645 ± 24.974 0.486

t‑tau 21.980 ± 10.619 0.040 12.015 ± 10.371 0.249 171.399 ± 38.922  < 0.001 100.476 ± 45.914 0.037
p‑tau 3.279 ± 1.364 0.017 2.453 ± 1.406 0.083 15.105 ± 4.435 0.002 8.037 ± 5.256 0.138

Fig. 2 Baseline associations between the CSF markers and the NLR. CSF measures of Aβ42, P‑Tau, and T‑Tau were plotted vs the NLR in the: (A) Full 
ADNI cohort. (B) Aβ‑ vs Aβ + subjects in the ADNI cohort. (C) Full NYU cohort. (D) Aβ + vs Aβ‑ subjects in the NYU cohort. Aβ positivity was defined 
by the predetermined CSF cut‑off values for each cohort (NYU, < 469.5 pg/mL; ADNI, < 192 pg/mL)
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Meta‑analysis
Results of the meta-analysis encompassing the full 
cross-sectional ADNI and NYU cohorts (Supplemen-
tary Table  6) indicated a positive association between 
the baseline NLR and t-tau and p-tau levels at base-
line. This was observed in the univariate models (t-tau, 
p < 0.001; p-tau, p < 0.001) and after adjustment (t-tau, 
p = 0.016; p-tau, p = 0.012). A meta-analysis of Aβ- sub-
jects from both cohorts showed a univariate association 
between the NLR and increased t-tau levels (p = 0.014), 
but no additional associations with CSF outcomes 
were observed before or after adjustment. A meta-
analysis of Aβ + subjects from both cohorts, however, 
showed a univariate association between the NLR and 
increased p-tau levels (p = 0.029), but no other associa-
tions with CSF outcomes were observed before or after 
adjustment.

The meta-analysis encompassing longitudinal CSF 
data from both cohorts (Supplementary Table 6) showed 
similar results, with the baseline NLR being associated 
with increased measures of t-tau and p-tau throughout 
follow-up in the univariate model (t-tau, p < 0.001; p-tau, 
p = 0.001) and after adjustment (t-tau, p = 0.018; p-tau, 
p = 0.011), while no association with Aβ42 was observed. 
A meta-analysis of Aβ- subjects from both cohorts showed 
a univariate association between the NLR and increased 
t-tau levels throughout follow-up (p = 0.027), but no addi-
tional associations with CSF outcomes were observed 
before or after adjustment. Contrarily, a meta-analysis of 
Aβ + subjects from both cohorts showed no associations 
between the NLR and any of the CSF measures through-
out follow-up, although a univariate association was 
suggested for p-tau (p = 0.051).

Discussion
An elevated NLR, serving as an indicator of peripheral 
inflammation, has been implicated in AD pathology [19–
22, 26]. However, an elevated NLR has also been impli-
cated in various other diseases and conditions, including 
those that are risk factors for AD, such as diabetes, hyper-
tension, and obesity, raising questions as to whether the 
association with AD is simply a manifestation of under-
lying comorbidities [27–40]. Further, the shortcoming of 
the NLR as a tool for the differential diagnosis with other 
dementias, due to its lack of specificity, has recently been 
highlighted [51]. Therefore, the need for an investiga-
tion into the NLR in specific relation to Aβ and tau bio-
markers, while accounting for comorbidities, has become 
apparent, particularly within the A/T/N framework. In 
this study, we report significant associations between the 
NLR and CSF Aβ42 in the CU ADNI cohort, as well as 
between the NLR and CSF p-tau and t-tau in the CU NYU 
cohort. These associations were observed before and after 
adjusting for sociodemographic information, APOE4, and 
common comorbidities (diabetes, hypertension, BMI).

The associations we report between the NLR and 
A/T/N characteristics in each cohort could be partially 
explained by recent research focused on neutrophil 
involvement in AD pathology. Neutrophils, the pre-
dominant form of leukocytes, play an important role in 
innate immunity by defending against pathogens and 
clearing cellular debris. However, their pro-inflammatory 
nature, including the release of reactive oxygen species 
(ROS), lytic enzymes, and neutrophil extracellular traps 
(NETs), can cause tissue damage through sustained expo-
sure, largely explaining their implication in many inflam-
matory diseases [52–55]. Although the brain was once 

Fig. 3 Longitudinal CSF trajectories of participants in the upper vs. lower median NLR at baseline. Linear trendlines were incorporated depicting 
the upper median (dotted line) and lower median (solid line) to highlight differences in trajectories of CSF measures of Aβ42, p‑tau, and t‑tau 
throughout follow‑up visits. This was done for both cohorts: the ADNI (A) and NYU (B)
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considered an immune-privileged site, neutrophils and 
NETs have been shown to aggregate in the cerebral small 
vessels of AD patients, particularly near Aβ plaques and 
tau tangles [7, 8, 56]. This phenomenon has been attrib-
uted to disruption of the blood–brain barrier (BBB) and 
the release of cytokines and chemokines by microglia in 
response to local amyloid plaques, leading to the recruit-
ment of neutrophils into the brain parenchyma to help 
clear the misfolded protein aggregates [8, 56, 57]. Indeed, 
the chronic presence of these neutrophils in the brain can 
lead to sustained neuroinflammation, which is pertinent 
considering hyperactive and advanced adhesive pheno-
types such as elevated expression of the CD11b adhesion 
molecule have been observed in the neutrophils of AD 
patients [7, 8, 58, 59]. Moreover, aging, which remains 
the greatest risk factor for AD, has been associated with 
neutrophil abnormalities including impaired chemotaxis 
and increased ROS release [60–62]. Zanero et  al. even 
reported an Aβ-induced transition of the neutrophil-
arresting LFA-1 integrin to a higher affinity state, thereby 
perpetuating neutrophil adhesion in amyloid-rich 
regions [8]. In the same studies, a reduction in cognitive 
impairment was reported after neutrophils were depleted 
or neutrophil trafficking was inhibited via LFA-1 integrin 
blockade. Taken together, these reports may support our 
findings, particularly in the ADNI cohort where an ele-
vated NLR associated with Aβ brain deposition, and sub-
jects in the upper median NLR at baseline demonstrated 
greater prevalence of subsequent cognitive decline. Pre-
vious research has also shown that pro-inflammatory 
cytokines released by activated microglia near amyloid 
plaques, including TNFα, IFNγ, and IL-1β, can increase 
Aβ peptide levels and decrease amyloid plaque clearance 
[63–66], promoting a positive feedback cycle between 
amyloid plaque deposition, microglial activation, neutro-
phil/immune cell recruitment, and neuroinflammation, 
which may further support our findings. The Aβ-induced 
microglial release of IL-1β, which is involved in neutro-
phil recruitment, has also been linked with increased 
BBB disruption and tau pathology in murine models 
[66–69], which may partially support our findings in the 
NYU cohort, where the NLR associated with both neu-
rodegeneration and tau pathology. In addition to their 
recruitment into the brain, elevated levels and pheno-
typic changes of neutrophils in the peripheral blood of 
AD patients have been reported [9, 59], which may also 
support our findings in both cohorts. However, the dis-
crepancies we report in specific associations between 
cohorts suggest the involvement of additional factors, 
and the role of lymphocytes is also relevant when consid-
ering the NLR in relation to AD and A/T/N.

Previous literature surrounding lymphocytes, leuko-
cytes involved in the adaptive immune response, has 

highlighted their contribution to the pro-inflammatory 
milieu outlined above. Similar to neutrophils, lym-
phocytes, particularly CD4 + and CD8 + T-cells, have 
been observed in the brains of AD patients near micro-
glia, suggesting dynamic cross-talk and interdepend-
ence on microglial phenotype, T-cell differentiation, 
and pro-inflammatory outcomes [10, 12, 13, 15]. In 
general, CD4 + T-cells exhibit diverse roles in modulat-
ing microglia, with regulatory T-cells (Tregs) secreting 
anti-inflammatory cytokines and effector T-cells (Teffs) 
secreting pro-inflammatory cytokines. Although the anti-
inflammatory benefits of Tregs in AD and their role in 
Aβ clearance has been highlighted [70], Teffs have been 
shown to progress AD pathology and even downregulate 
Tregs in later disease stages in murine models [71]. Pro-
inflammatory CD8 + T-cells have generally been observed 
in close proximity to tau aggregates in the AD brain, and 
their involvement in tauopathy has been suggested [10, 
72]. Although our study did not differentiate lympho-
cyte subsets, this may support our findings in the NYU 
cohort linking the NLR with tau pathology. Additionally, 
the pro-inflammatory response from T-cell activation in 
the brain has been linked with compromised BBB integ-
rity and peripheral immune cell influx [73], with a study 
by Yang et al. suggesting an Aβ-induced release of TNFα 
by microglia to promote T-cell recruitment to the brain 
in AD [74], further feeding in to the aforementioned 
positive feedback loop. Contrarily, a study by Chen et al. 
demonstrated that microglial recruitment of T-cells in 
response to tauopathy, but not amyloid deposition, leads 
to neurodegeneration in AD [72], and a study by Mer-
lini et  al. reported CD3 + T-cells, most of which were 
CD8 + , to correlate with tau, but not amyloid, pathology 
in the AD brain [10]. Taken together, these studies may 
further support our findings in the NYU cohort which 
demonstrated associations between the NLR and both 
tau pathology and neurodegeneration, but not Aβ. Rel-
evant to our findings in both cohorts, many studies have 
reported a decrease in the total count of lymphocytes in 
the peripheral blood in AD (although conflicting find-
ings have also been reported), with mechanisms being 
attributed to influx in the CNS as well as susceptibility to 
ROS, which is pertinent given the observed increase in 
ROS released by neutrophils in AD as mentioned above. 
Regardless, an increase in the proportion of activated 
HLA-DR + CD4 + and CD8 + T-cells has been observed in 
the peripheral blood of AD patients, even in studies which 
observed no difference in the total count [14, 75, 76].

These pathophysiological changes in AD in the con-
text of both neutrophils and lymphocytes may partially 
explain why an elevated NLR has been associated with 
cortical Aβ deposition, as determined by PET and CSF 
Aβ measures, and a greater risk of cognitive decline 
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in AD cohorts [19–22, 26]. The associations we report 
between the NLR and decreased CSF Aβ42 in the ADNI 
cohort support these previous studies and suggests the 
associations are not simply an artifact of comorbidities 
that raise the NLR and pose as risk factors for AD. In par-
ticular, our results in the ADNI cohort support the study 
by Hou et al. which reported an association between the 
NLR and lower CSF Aβ42 in CU participants within the 
ADNI after adjusting for sociodemographics and APOE4 
alone [26]. Another study conducted in the ADNI cohort, 
by Mehta et al., that included MCI and AD participants 
in the analysis, reported an elevated NLR to associate 
with greater PET measures of Aβ, but not tau, as well as 
with longitudinal cognitive decline determine by the Alz-
heimer’s Disease Assessment Scale Cognitive Subscale 
(ADAS-Cog) [22]. Our study supports these findings, 
demonstrating that the association between the NLR 
and Aβ deposition are present even within the strictly 
CU population in the ADNI cohort. Likewise, although 
we defined cognitive decline as the transition from CU 
to a clinical diagnosis of MCI or AD throughout follow-
up visits, rather than by changes in the ADAS-Cog score 
alone, the increased incidence of cognitive decline that 
we report in the ADNI subjects who were in the upper 
median NLR at baseline supports the reported study. This 
association between the NLR and longitudinal cognitive 
decline also supports the study of Ramos-Cejudo et  al. 
who found an increased NLR to associate with a greater 
risk of incident dementia in the elderly population after 
comprehensive adjustment [23]. However, the asso-
ciations between the NLR and p-tau and t-tau, but not 
Aβ42, that we report in the NYU cohort, which displayed 
a younger aging profile, may suggest the NLR associates 
with tau pathology and neurodegeneration, but not amy-
loid deposition, in earlier stages of the disease process.

Further, our results in the NYU cohort suggest the 
association between the NLR, tau pathology, and neu-
rodegeneration may be greater in participants who are 
amyloid-positive. This may be due to greater BBB dis-
ruption resulting in increased immune cell recruitment 
into the CNS by microglia-released pro-inflammatory 
cytokines, whether neutrophil recruitment via IL-1β or 
T-cell recruitment via TNFα, as outlined in the stud-
ies mentioned above. This may also be supported by the 
findings of Zhang et  al. who demonstrated increased 
T-cell recruitment into the brain parenchyma as a result 
of BBB disruption in Aβ-induced AD rats [73]. Another 
possible mechanism may be explained by Man et  al. 
who suggested amyloid-induced overexpression of mac-
rophage inflammatory protein-1 alpha (MIP-1α) in 
peripheral T-cells of AD patients to promote their migra-
tion across the BBB [77]. Regardless of mechanism, our 
findings of potential amyloid-mediated associations 

between the NLR, tau pathology, and neurodegenera-
tion may be supported by Ising et al. who demonstrated 
that activation of the NLRP3 inflammasome mediates 
Aβ-induced tau pathology in the AD mouse model [69]. 
Additionally, Bellaver et  al. reported Aβ-positivity to 
associate with tau tangle accumulation in CU individuals 
only if they were positive for astrocyte reactivity based 
on their plasma glial fibrillary acidic protein (GFAP) lev-
els [78]. This finding may also explain the discrepancies 
in associations observed between the amyloid-positive 
subjects within the ADNI cohort compared to the NYU 
cohort, suggesting additional variables such as astrocyte 
reactivity may be involved. Future studies could there-
fore benefit from incorporating GFAP data in addition 
to the NLR to explore potential interplay in amyloid and 
tau outcomes. Another study by Rabin et al. reported that 
cerebral amyloid angiopathy interacted with neuritic Aβ 
plaques to promote cognitive decline, and this interaction 
was mediated by tau, which may support our findings 
of a dynamic interplay between peripheral inflamma-
tion, amyloid burden, and tau pathology [79]. Lastly, 
Milà-Alomà et  al. reported that changes in CSF p-tau 
and t-tau were associated with age in Aβ + subjects only 
[80]. Although our study suggests changes in CSF t-tau 
are associated with the NLR, not age, in these subjects, 
it supports the notion that Aβ-induced changes in tau 
pathology [41–43, 78, 80, 81] are mediated by additional 
factors. To our knowledge, we are the first to report an 
association between the NLR and CSF measures of t-tau 
and p-tau in the preclinical setting, a dynamic relation-
ship between peripheral immunity, tau pathology, and 
neurodegeneration that may be more pronounced in the 
presence of amyloid deposition.

In relation to the different biomarker associations 
observed in the two samples, a posibility is that such dif-
ferences are due to variations in cohort characteristics, 
including age, amyloid burden, rates of hypertension, and 
BMI. Although the ADNI cohort was older and showed 
higher rates of age-related conditions, there was a lack of 
association in demographic and clinical characteristics 
previously identified to elevate NLR values that were in 
fact observed in the younger NYU cohort (sex, race, BMI, 
and a tendency for age). One possibility is that some of 
these relationships become less evident through immu-
nosenescence and the general chronic low-grade inflam-
mation that accompanies aging, or “inflammaging” [82]. 
Another potential consideration is the posibility of a spe-
cific effect of neutrophil mediated inflammation to tau 
neurodegeneration that is more evident in tauopathies. 
Due to the age difference in the two cohorts, and since 
some tauopathies like frontotemporal lobar degenera-
tion  (FTLD) are more prevalent in younger individuals 
[83], a possible consideration  is that with a mean age of 
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61.5, the younger NYU cohort may have included more 
cases. The presence of these associations among subjects 
classified as amyloid-negative within the univariate mod-
els in the NYU cohort may be suggestive of a neutrophil 
contribution to tau neurodegeneration, warranting fur-
ther research to examine potential associations between 
the NLR and tauopathies in the non-AD pathway in 
future studies with greater sample sizes.

With the goal of integrating results from the two 
cohorts, propensity score matching was attempted to 
identify a comparable sample among the NYU and 
ADNI cohorts, however, adequate matching could not 
be achieved due to sample size limitations and signifi-
cant cohort differences. Similarly, although the meta 
analysis encompassing both cohorts showed associa-
tions between an elevated NLR and increases in both 
t-tau and p-tau after adjustment, further suggesting an 
association between the NLR and both tau pathology 
and neurodegeneration, associations between the NLR 
and Aβ42 could not be adequately assessed due to direc-
tional differences in the β coefficients between cohorts, 
once again highlighting the variability of specific asso-
ciations between the NLR and A/T/N markers depend-
ent on immunity and aging profiles. Additionally, despite 
using Stouffer’s method to account for differences in anti-
body assays and variable determination methodologies, 
the meta analysis could not account for the clinical het-
erogeneity nor the differences in variable determination 
between the two cohorts, and its results should therefore 
be considered suggestive rather than evidential. Future 
studies could benefit from conducting an extensive lon-
gitudinal analysis encompassing the age ranges of both 
cohorts in our study to investigate how age plays a fac-
tor in the interplay between the NLR and CSF markers, 
and how associations with specific markers in the A/T/N 
framework may change as a result of immunosenescence. 
As previously mentioned, future studies should also con-
sider assessing these associations within the context of 
FTLD and other tauopathies.

In the same light, additional comorbidities which have 
been shown to increase the NLR, such as depression, 
cancer, and cardiovascular diseases, may be confounders 
[84–88], and a limitation of our study was the inability to 
account for these variables due to the absence of data and 
sample size limitations. Future studies conducting similar 
investigations should consider adjusting for these addi-
tional comorbidities as well. Future studies should also 
consider assessing the NLR as a risk factor for cognitive 
decline to AD or MCI due to AD by means of survival 
analysis, an analysis we could not explore due to sample 
size limitations and the absence of longitudinal CBC data 
in the ADNI. Although we report greater prevalence of 
cognitive decline in the ADNI subjects within the upper 

median NLR at baseline, a survival analysis leveraging 
longitudinal NLR, comorbidity, and A/T/N framework 
data could be more beneficial in highlighting specific 
pathways in disease progression. Another limitation of 
our study was that we investigated associations with AD 
biomarkers in the CSF in order to maximize sample size, 
but future studies could benefit from incorporating PET 
and MRI data, which may be more accurate at assessing 
structural and functional changes within the A/T/N and 
I/V/S frameworks. In fact, the absence of associations 
between the NLR and t-tau or p-tau among Aβ + sub-
jects in the ADNI cohort may be partially explained by 
the findings of Reimand et al. who reported that partici-
pants in the ADNI who met the Aβ-positivity threshold 
in both the CSF and PET had substantially greater lev-
els of tau after 5  years when compared to those who 
met the Aβ-positivity threshold in the CSF but not PET 
[89]. Therefore, a limitation of our study was defining 
Aβ-positivity by CSF levels, which may define an ear-
lier and less understood level of amyloid deposition, and 
future studies could benefit from conducting the same 
analysis using the amyloid PET cutoff threshold instead. 
Future studies could also benefit from incorporating 
p-tau231 and p-tau217 measures, as they have been more 
closely associated with Aβ deposition in previous stud-
ies, compared to p-tau181, even in early stages prior to sig-
nificant Aβ plaque buildup [80, 81]. Lastly, a limitation of 
our study included differences in variable determination 
and collection procedures between cohorts. For exam-
ple, only the NYU cohort included the documented use 
of hypertensive medications as a requirement in defining 
history of hypertension, so future studies could benefit 
from incorporating a standardized definition or raw blood 
pressure data. As an additional example, the CBC was col-
lected after an overnight fast in the NYU cohort, but an 
overnight fast was not required in the ADNI cohort. This 
is an important consideration since elevated neutrophil 
counts and lower lymphocyte counts have been reported 
in subjects in the first two hours following food consump-
tion [90]. Therefore, future studies investigating the NLR 
in AD should incorporate standardized procedures for 
optimal reliability in determining associations.

Conclusion
Our study found the NLR to independently associate with 
AD biomarkers in CU subjects even after comprehensive 
adjustment for sociodemographics, APOE4, and com-
mon comorbidities. The NLR was associated with lower 
CSF Aβ42 values in the ADNI cohort, which was signifi-
cantly older and characterized by greater vascular risk 
compared to the NYU cohort. The NLR was associated 
with CSF p-tau and t-tau in the younger NYU cohort. In 
the NYU cohort alone, the association between the NLR 
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and t-tau was much stronger among Aβ + subjects. The 
associations in both cohorts were consistent after incor-
porating longitudinal trajectories of CSF values. Our 
results suggest that changes in the associations between 
the NLR and specific AD-biomarkers may occur as part 
of immunosenescence, which should be further exam-
ined by including more age-related and comorbidity-
influenced measures.
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