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count, hemoglobin concentration,
and inflammatory indices with
cognitive impairment severity in
Alzheimer’s disease
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Some studies have found that patients with Alzheimer’s disease (AD) have changes in levels of red
blood cell (RBC) and hemoglobin (HB), and some inflammatory indexes are increased. However,

the results of relevant studies are not uniform. The aim of this study is to investigate the changes of
RBC, HB, and commonly used inflammatory indexes in patients with AD and their correlation with

the severity of cognitive impairment. A total of 225 subjects with AD and 2000 healthy controls were
included. Dementia severity was evaluated by Mini-Mental State Examination (MMSE). The RBC count
and HB concentration of subjects were detected, and inflammatory indexes including neutrophil/
lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR) and monocyte/lymphocyte ratio (MLR),
systemic immune inflammation index (Sll), systemic inflammation response index (SIRI), and pan-
immune-inflammation value (PIV) were calculated. RBC count, HB concentration, NLR, PLR, MLR were
independent influencing factors for AD. RBC count and HB concentration are significantly associated
with the severity of cognitive impairment in AD patients. RBC count has a significant effect on the
severity of cognitive impairment without considering the education level, but their effects on the
severity of cognitive impairment are no longer significant when the education level is considered. The
RBC count and HB concentration of AD patients are decreased, and are correlated with the severity of
cognitive impairment. In addition, some inflammatory indexes are associated with the risk of AD.
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Growing evidence suggests that inflammatory processes may play a pivotal role in the pathogenesis of
Alzheimer’s disease (AD)!. Neuroinflammation mediated by central nervous system astrocytes and microglia
has been strongly implicated in AD development. These activated glial cells contribute to neuronal damage
by disrupting the neuronal microenvironment, subsequently promoting oxidative stress and directly inducing
apoptotic pathways?. Notably, both localized neuroinflammation and systemic inflammatory responses appear
to be concurrently activated during AD progression’. This is supported by the observed overexpression of pro-
inflammatory cytokines not only in brain tissue but also in peripheral blood samples from AD patients®.
Studies have shown that there is a correlation between the level of peripheral blood immune cells and the risk
of AD®. While established peripheral AD biomarkers include plasma AB42, p-Tau217, p-Taul81, and p-Tau231,
their clinical utility remains limited due to technical challenges in detection®. Comprehensive inflammatory
indices—originally developed to differentiate infection types (bacterial vs viral), assess disease severity (e.g.,
in respiratory or oncological conditions), and monitor treatment responses—offer practical advantages’.
These readily measurable and cost-effective indices, including: neutrophil/lymphocyte ratio (NLR), platelet/
lymphocyte ratio (PLR) and monocyte/lymphocyte ratio (MLR), systemic immune inflammation index
(SII), systemic inflammation response index (SIRI), and pan-immune-inflammation value (PIV) have gained
widespread clinical and research applications. Although previous studies have investigated selected inflammatory
indices (particularly NLR, PLR, and MLR) in AD, findings remain inconsistent. Notably, the potential utility of
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more comprehensive indices (SII, SIRL, PIV) as AD biomarkers remains underexplored, highlighting a critical
knowledge gap in the field'!!.

Furthermore, accumulating evidence has consistently demonstrated alterations in red blood cell (RBC) and
hemoglobin (HB) levels in patients with AD. Notably, the work by Qiang and Shah established a significant
association between reduced Hb concentrations and both increased AD risk and dementia severity'>!*. While
low hemoglobin levels are established as a biomarker of frailty in elderly populations, the potential independent
association between hemoglobin concentrations and both Alzheimer’s disease risk and cognitive decline remains
to be fully elucidated.

In summary, current research on novel systemic inflammatory indices (SII, SIRI, PIV) in Alzheimer’s disease
remains remarkably limited. Furthermore, existing evidence regarding the association between erythrocyte
parameters/hemoglobin concentrations and cognitive impairment severity in AD patients continues to be
inconclusive. The present study was specifically designed to address these critical knowledge gaps by: (1)
evaluating the potential utility of these emerging systemic inflammatory markers as AD biomarkers, and (2)
providing additional evidence for the relationship between hematological parameters and cognitive dysfunction
in AD pathogenesis.

Methods

Participants

A total of 225 patients with AD hospitalized in Affiliated Xiaoshan Hospital, Hangzhou Normal University from
January 2020 to October 2024, and 2000 age-matched older adults without AD or other cognitive impairment
from the nearby community were recruited in this study. The study participants were exclusively of Han
Chinese ethnicity recruited from Hangzhou, Zhejiang Province, China. According to epidemiological data, the
prevalence of Alzheimer’s disease among individuals aged 60 years and older in the Han Chinese population is
approximately 3.9%!“. The inclusion criteria for AD group were: meeting the AD diagnosis of the National Institute
of Neurology and Language Disorders, Stroke, and Alzheimer’s Disease and Related Disorders Association
(NINCDS-ADRDA)"®. Exclusion criteria for AD group were: (1) dementia caused by cerebrovascular lesions
(e.g., vascular dementia confirmed by magnetic resonance imaging (MRI)); (2) secondary dementia attributable
to thyroid dysfunction, neurosyphilis, or HIV-associated dementia; (3) comorbid schizophrenia, alcoholic
mental disorder, mental retardation, mood disorder and other mental disorders; (4) having a history of acute
infection or taking antibiotics within 1 month before enrollment; (5) patients with autoimmune dysfunction
or use of immunomodulatory drugs within three months before enrollment; (6) diagnosed with malignancy.
The inclusion criteria of control group were: (1) age > 60 years old; (2) Mini-Mental State Examination (MMSE)
score > 28. The exclusion criteria of control group were the same as 3 ~6 of AD group.

Collection of subjects’ general information
We systematically collected demographic and clinical data from AD patients, including:

(1) Basic characteristics (gender, age, marital status, educational attainment: (1) less than primary school, (2)
primary school, (3) junior high school, (4) senior high school, and (5) college/university);

(2) Medical history (hypertension, diabetes mellitus);

(3) Lifestyle factors (alcohol consumption, smoking status);

(4) Anthropometric measures (body mass index (BMI));

(5) AD-specific parameters (disease duration, use of anti-dementia medications such as donepezil, memantine,
and galantamine).

Additionally, given the potential confounding effects on inflammatory cells and platelet function, we documented
the use of antipsychotic medications, mood stabilizers, and non-steroidal anti-inflammatory drugs (NSAIDs)
among AD patients.

Assessment of dementia symptoms

MMSE was used to evaluate the cognitive impairment level of patients with AD. MMSE consists of 30 items, and
the maximum score is 30. Subjects receive 1 point for each item for correct answers and 0 point for incorrect
or no answers. Higher scores on MMSE represent better cognitive function. In this study, MMSE score >21,
20>MMSE score210, and MMSE score<9 represented mild, moderate, and severe cognitive impairment,
respectively'®.

Detection of biochemical indexes

Each subject was asked to abstain from food after 8:00 p.m. and water after 10:00 p.m. and to complete
elbow vein blood collection by 7:00 a.m. the following morning. The blood indicators examined in this study
included high sensitivity C-reactive protein (hs-CRP), counts of white blood cells, neutrophils, lymphocytes,
monocytes, eosinophils, basophils, RBC, HB, platelets, fasting blood glucose (FBG), serum total cholesterol
(TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol
(HDL-C), thyroid stimulating hormone (TSH), triiodothyronine (T3), thyroxine (T4), free triiodothyronine
(FT3), and free thyroxine (FT4).

Calculation of inflammatory indices
The inflammatory indices used in this study included NLR (neutrophil count/lymphocyte count), PLR
(platelet count/ lymphocyte count), MLR (monocyte count/lymphocyte count), SII (platelet count*neutrophil
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count/lymphocyte count), SIRI (monocyte count*neutrophil count/lymphocyte count), and PIV (neutrophil
count*monocyte count* platelet count/ lymphocyte count).

Study procedure and statistical analysis

In this study, missing values were filled in using multiple interpolation, and all statistical analyses were performed
on SPSS25.0. The main flow of this study was shown in Fig. 1. First, the Kolmogorov-Smirnov test was used to
detect the normality of all continuous variables in AD and control group. Then, T test and Mann-Whitney
U test were used to test continuous variables that conformed to normal distribution and those that did not,
respectively, and Chi-square test was used to test categorical variables. To reduce false positive rates, P values in
the above statistical results were corrected by Bonferroni correction. Then, in order to explore the independent
risk factors of AD, the independent variables with significant differences in the difference analysis were included
in the covariates for binary logistic regression analysis.

In order to explore variables that differ significantly between patients with different severity of cognitive
impairment, one-way analysis of variance (ANOVA) was performed according to three groups of mild, moderate
and severe cognitive impairment. After testing for homogeneity of variance, both Welch’s t-test and Brown-
Forsythe test were performed. Multiple comparisons were performed using Tukey test and Games-Howell test
for variance-aligned and non-aligned variables, respectively.

Recruitment of
subjects

Inclusion and J
exclusion criteria ’

Control group
n=2000

\ L N/

AD patients with mild AD patients with moderate
cognitive impairment cognitive impairment

Fig. 1. Flow chart of this study. In this cross-sectional study, we analyzed the differences in RBC count,

HB concentration, and commonly used comprehensive inflammatory markers (NLR, MLR, PLR, SII, SIRI,
PIV) between AD and control groups, and their correlation with the severity of cognitive impairment in AD
patients. AD: Alzheimer’s disease; RBC: red blood cell; HB: hemoglobin; NLR: neutrophil/lymphocyte ratio;
PLR: platelet/lymphocyte ratio; MLR: monocyte/lymphocyte ratio; SII: systemic immune inflammation index;
SIRI: systemic inflammation response index; PIV: pan-immune-inflammation value.
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Moreover, in order to explore the related factors of the severity of cognitive impairment, multiple ordered
logistic regression analysis was performed with mild, moderate and severe cognitive impairment as dependent
variables and variables with significant differences in ANOVA as independent variables.

Results

Information of subjects

In the present study, there were 225 cases in AD group and 2000 cases in control group. There were 97 males,
128 females, 51 cases of diabetes and 144 cases of hypertension in the AD group, and 1002 males, 998 females,
189 cases of diabetes and 865 cases of hypertension in the control group. The average age of AD group and
control group was 75.46+7.58 years and 75.60 +5.49 years, and the average BMI was 21.77 +3.48 kg/m? and
22.10+2.00 kg/m?, respectively. In this study, the data of control group were complete, and there were 24 cases
of incomplete data in AD group, including 3 cases of missing BMI data, 1 case of missing FBG, TG, TC, HDL-C,
LDL-C data, and 1 case of missing TSH, FT3, FT4, T3, T4 data.

Factors associated with the risk of AD
As shown in Table 1, compared with control group, AD group had lower RBC count, HB concentration, higher
NLR, PLR, MLR, SII, SIRI, PIV, and higher prevalence of diabetes and hypertension (all P<0.001). After
the above significantly different factors were included as covariates in binary logistic regression analysis, the
results showed that high levels of NLR (B=0.06, P<0.01, OR=1.92), PLR (B=0.01, P<0.001, OR=1.01), MLR
(B=5.12, P<0.05, OR=167.25), diabetes (B=0.72, P<0.001, OR=2.06) and hypertension (B=0.84, P<0.001,
OR=2.32) were independent risk factors for AD, while higher RBC count (B=-0.85, P<0.01, OR=0.43) and
HB concentration (B=-0.05, P<0.001, OR=0.95) were protective factors of AD (Table 2).

To investigate the potential effects of pharmacological interventions (NSAIDs, anti-AD medications, mood
stabilizers, and antipsychotics) on hematological and inflammatory parameters, we conducted subgroup analyses
based on medication usage among AD patients. Our results demonstrated no statistically significant associations

Variable AD group (N=225) Control group (N=2000) | t/x2/Z | P value Effect sizes Cohen’s d/¢ (Phi)
Age 76(70.5 ~ 80.5) 75(71~78) -0.63 |1 0.02
Gender 3.95 0.94 0.04
Male, n (%) 97(43.1%) 1002(50.1%)

Female, n (%) 128(56.9%) 998(49.9%)

BMI, kg/m? 21.45 (19.02 ~24.05) 22.4(20.73~23.7) -2.71 ]0.14 0.12
Diabetes 36.71 <0.001** | 0.13
Yes, n (%) 51(22.7%) 189(9.4%)

No, n (%) 174(77.3%) 1811(90.6%)

Hypertension 35.14 <0.001*** | 0.13
Yes, n (%) 144(64%) 865(43.3%)

No, n (%) 81(36%) 1135(56.7%)

WBC count (*10A9/L) 5.13(4.16~ 6.16) 5.66(4.8 ~6.70) 498 | <0.001*** | 0.32
Neutrophil count (*10A9/L) | 3.27(2.42 ~4.04) 3.19(2.61 ~3.96) -018 |1 0.06
Lymphocyte count (*10A9/L) | 1.36(1.05~ 1.73) 1.83(1.48~2.27) -11.76 | <0.001*** | 0.86
Monocyte count (*1079/L) 0.34(0.26 ~0.41) 0.34(0.27 ~0.42) -031 |1 0.03
Eosinophil count (¥*10A9/L) 0.1(0.05~0.16) 0.13(0.08~0.21) —6.62 <0.001*** | 0.42
Basophil count (*10/9/L) 0.01(0.01~0.02) 0.02(0.01~0.03) —-10.78 | <0.001*** | 0.48
RBC count (*10A12/L) 4(3.74~4.27) 4.52(4.23 ~4.79) ~14.18 | <0.001*** | 1.09
HB concentration (g/L) 124(115~132.5) 140(131 ~ 148) —15.18 | <0.001*** | 1.16
Platelet count (*1079/L) 193(156 ~238.5) 188(159~221) -134 |1 0.14
NLR 2.31(1.64~3.25) 1.75(1.32~2.29) -8.57 <0.001*** | 0.60
PLR 141.86 (103.91 ~192.09) | 102.06 (80.25~127.83) —11.11 | <0.001*** | 0.83
MLR 0.24 (0.18~0.33) 0.18 (0.14~0.24) -9.76 <0.001*** | 0.70
SII 450.51(287.73 ~682.98) | 325.93(233.41 ~447.18) -7.62 <0.001*** | 0.57
SIRI 0.74 (0.49~1.17) 0.58 (0.41~0.85) -5.97 <0.001*** | 0.46
PIV 145.95(84.14 ~ 265.09) 109.60(70.93 ~ 165.88) -5.80 <0.001** | 0.44

Table 1. Differences in peripheral blood indices and inflammatory indices between AD group and control
group. AD Alzheimer’s disease, BMI body mass index, WBC white blood cell, RBC red blood cell, HB
hemoglobin, NLR neutrophil/lymphocyte ratio, PLR platelet/lymphocyte ratio, MLR monocyte/lymphocyte
ratio, SII systemic immune inflammation index, SIRI systemic inflammation response index, PIV pan-
immune-inflammation value. Non-normally distributed continuous variables were summarized using median
with interquartile range (25th-75th percentiles). *P<0.05, **P<0.01, ***P <0.001.
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Variable B SE P value OR 95%CI
RBC count (*10A12/L) | —-0.85 |0.33 0.01** 0.43 | 0.22,0.81
HB concentration (g/L) | —0.05 | 0.01 <0.001*%* 0.95 | 0.93,0.97
NLR 0.65 0.24 0.01** 1.92 | 1.20, 3.07
PLR 0.01 0.004 | <0.001*** 1.01 | 1.01, 1.02
MLR 5.12 2.12 0.02* 167.25 | 2.61, 10,720.33
SII —-0.002 | 0.001 0.22 1.00 | 1.00, 1.00
SIRI -0.99 |0.53 0.06 0.37 | 0.13, 1.06
PIV 0.001 0.002 0.56 1.00 | 1.00, 1.01
Diabetes 0.72 0.22 <0.001*** 2.06 | 1.34,3.16
Hypertension 0.84 0.18 <0.001*** 2.32 | 1.64,3.28

Table 2. Factors influencing the severity of cognitive impairment. RBC red blood cell, HB hemoglobin, NLR
neutrophil/lymphocyte ratio, PLR platelet/lymphocyte ratio, MLR monocyte/lymphocyte ratio, SII systemic
immune inflammation index, SIRI systemic inflammation response index, PIV pan-immune-inflammation
value. *P<0.05, **P<0.01, **P<0.001.

Variables Group |t d Pvalue | 95% CI

1 2 0.24 0.09 | 0.97 (-2.26,2.77)
Duration of disease (years) 3 1.30 0.48 | 0.40 (-1.13, 3.89)

2 3 2.86 0.39 | 0.01* (0.20, 2.06)

1 2| -232|-0.85|0.06 (-0.81,0.01)
RBC count (*10712/L) 3 |-2.84 | -1.04 | 0.01* (-0.89, -0.08)

2 3 1-139 |-0.19 | 0.35 (—0.24,0.06)

1 2 | -2.71 | -1.00 | 0.02* (-29.13,-2.04)
HB concentration (g/L) 31-295|-1.08 [ 0.01** | (-30.42,-3.40)

2 3 1-0.63 |-0.08 | 0.81 (—6.34,3.69)

Table 3. Differences in patients with different degrees of cognitive impairment. Group 1: patients with mild
cognitive impairment; group 2: patients with moderate cognitive impairment; group 3: patients with severe
cognitive impairment. RBC red blood cell, HB hemoglobin. *P <0.05, **P <0.01, ***P <0.001.

between medication use and any of the examined biomarkers, including RBC count, HB concentration, or
systemic inflammatory indices (NLR, MLR, PLR, SII, SIRI, PIV) (all P>0.05).

Factors associated with the severity of cognitive impairment in AD patients

Demographic and clinical characteristics were comparable across mild, moderate, and severe cognitive
impairment groups regarding gender distribution, age, BMI, marital status, smoking status, alcohol consumption
status, diabetes prevalence, hypertension prevalence, usage rates of anti-AD medications, antipsychotics, mood
stabilizers, and NSAIDs (all P> 0.05). However, significant between-group differences were observed in education
levels (P<0.05), with patients in the more severe cognitive impairment group having lower educational level
(p=—-0.19, P<0.01).

In addition, the results of one-way ANOVA showed that AD patients with different severity of cognitive
impairment had significant differences in duration of disease (F(2,24)=4.22, MSE=8.44, P<0.05, r=0.20),
RBC count (F(2,22)=3.38, MSE=0.22, P<0.05, r=0.19), and HB concentration (F(2,32) =4.59, MSE =244.89,
P<0.05,r=0.19). As shown in Table 3, further multiple comparisons showed that, patients with severe cognitive
impairment demonstrated significantly longer disease duration compared to those with moderate impairment
(t=2.86,P<0.05,d=0.39). Additionally, WBC count was significantly reduced in the severe cognitive impairment
group relative to mild impairment controls (t=-2.84, P<0.05, d=-1.04). Both moderate (t=-2.71, P<0.05,
d=-1.00) and severe (t=—2.95, P<0.01, d=-1.08) cognitive impairment groups showed significantly lower
HB concentrations than the mild impairment group. In addition, multivariate ordinal logistic regression analysis
showed that the duration of disease (B=0.07, P<0.05, OR=1.07) and RBC count (B=-0.47, P<0.05, OR=0.63)
had an independent effect on the degree of cognitive impairment when the difference of education level was
ignored. However, only the duration of disease (B=0.14, P<0.01, OR=1.15) still had an independent effect on
the degree of cognitive impairment when education was included as a covariate.

Discussion

Results from a Mendelian randomization study from the UK biobank suggested that RBC and HB distribution
width were causally related to AD, while they found broad associations between most blood cell measures and
brain structure!?. In another study, researchers found that both lower and higher HB levels were associated with
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increased risk for AD'3. In this study, the RBC count and HB concentration in peripheral blood of AD patients
were significantly lower than those of healthy people, and low levels of RBC count and HB concentration were
independent risk factors for AD risk. These results collectively confirm that AD patients experience a decrease
in RBC, HB levels. A large amount of amyloid p-protein (AB) can be detected in RBC of AD patients, and
the erythroid-AP complex causes oxidative damage, which eventually damages RBC and destroys the ability
of RBC to transport oxygen, which may be one of the ways that RBC participate in the progression of AD'.
HB can play a key role in the regulation of cerebral hypoxia by regulating cerebral hypoxia vasodilation!.
Long-term hypoxia damage in important areas of the brain such as hippocampus may be one of the causes of
dementia'®. Interestingly, we also found that patients with higher dementia severity had lower RBC count and
HB concentration; therefore, the levels of RBC and HB also seem to be correlated with dementia severity in AD
patients.

Our study employed MMSE to assess cognitive function in AD patients, with particular attention to the
potential confounding effect of educational attainment on test performance?’. The MMSE, which incorporates
literacy-dependent tasks such as reading, writing, and arithmetic, may yield artificially low scores in individuals
with limited formal education due to test-taking inexperience rather than true cognitive impairment. The
unadjusted analyses revealed significant independent associations between cognitive impairment severity and
both RBC count and disease duration. Notably, more severe cognitive impairment was associated with longer
disease duration and lower RBC counts. However, after controlling for educational attainment in multivariate
models, only disease duration and educational level remained statistically significant predictors of cognitive
impairment severity, while the association with RBC count was attenuated. These findings suggest that while
hematological parameters (RBC count and HB concentration) may show preliminary associations with
cognitive decline, educational attainment and disease progression appear to be more robust determinants of
cognitive impairment severity in AD. The strong association with disease duration is biologically plausible, as
AD is characterized by progressive neurodegeneration and cumulative cognitive decline over time. The observed
attenuation of hematological associations after education adjustment highlights the importance of considering
educational background when interpreting cognitive test results and biomarker associations in AD research.
The association between educational attainment and cognitive impairment severity in AD patients relates to the
fundamental concept of cognitive reserve (CR). CR represents the brain’s capacity to cope with neuropathological
damage through either more efficient utilization of existing cognitive networks or recruitment of alternative
neural pathways?.. The protective effect of education against AD progression may be primarily mediated
through enhanced CR?%. Accumulating evidence suggests that lifetime experiences—including educational
achievement, occupational attainment, and late-life leisure activities—collectively contribute to CR development,
with higher CR conferring reduced risk of clinical dementia manifestation**-2. This CR framework provides
a plausible explanation for the well-documented clinical phenomenon wherein AD patients with comparable
degrees of neuropathological burden exhibit marked variability in cognitive impairment severity. Our findings
align with this model, demonstrating education’s influence on cognitive performance even after accounting
for disease duration. However, several limitations regarding CR assessment warrant acknowledgment. First,
while we collected educational data for AD patients, the absence of control group education levels precluded
direct between-group comparisons and statistical adjustment for this potential confounder. Second, our study
did not incorporate occupational history metrics, which represent another critical component of CR. This
represents an important limitation given that longitudinal studies have demonstrated individuals with low
lifetime occupational attainment face 2.25-fold greater dementia risk compared to those with high occupational
achievement?®. These results underscore the multidimensional nature of CR and its clinical relevance in AD.
Future investigations should incorporate comprehensive CR assessments including standardized educational
attainment metrics, detailed occupational history, and leisure activity profiles, to better elucidate the protective
mechanisms through which life experiences modulate cognitive resilience against AD pathology.

It is well known that there are no very effective methods for the treatment of many nervous system diseases
such as AD. Molecular, metabolic, and even cellular therapies are in full progress?”-2¢. Neuropsychiatric disorders
and chronic inflammation are inextricably linked 2**. A large number of previous studies have focused on the
possibility of inflammatory markers as biomarkers for psychiatric disorders such as schizophrenia®!=2. Similarly,
the occurrence and development of AD is also closely related to the inflammatory process**-3°. The results of
current studies on the characteristics of inflammatory indexes in AD are slightly different. In general, NLR is
considered to have the highest potential as a biomarker in AD!"*%7. Our binary logistic regression analysis
comparing AD patients with healthy controls yielded important insights into the differential predictive value of
various inflammatory markers. The key findings demonstrated that NLR, MLR, and PLR emerged as significant
independent risk factors for AD. In contrast, more complex systemic inflammation indices including SII, SIRI,
and PIV did not have significant independent effects on AD risk after multivariable adjustment. These results
suggest several important implications for AD biomarker research: First, the superior predictive performance
of NLR, MLR and PLR may stem from their ability to more directly reflect the neuroinflammatory cascade in
AD pathogenesis. Lymphocytes and monocytes are known to cross the blood-brain barrier and interact with
central nervous system glial cells, potentially making their peripheral ratios more sensitive indicators of ongoing
neuroinflammation. Second, given the responsiveness of platelets to various physiological stressors, additional
platelet-derived components in PLR/SII/PIV may introduce confounding variables that are not related to AD-
specific pathology. The results of this study revealed the relative simplicity and wide availability of NLR/MLR/
PLR measurements in routine blood tests make them particularly attractive as potential screening tools for AD
risk assessment in clinical settings. This study contributes to the growing body of evidence supporting the role of
peripheral inflammation in AD, while highlighting the need for careful selection and validation of inflammatory
markers for AD risk prediction. Future studies should validate the results in larger samples and different ethnic
groups, and further explore the optimal cut-off values of inflammatory markers for predicting AD risk.
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Unfortunately, this study did not find a significant correlation between inflammatory markers and the
severity of cognitive impairment. It is worth noting that the vast majority of studies, including the present
study, have used scales to assess cognitive function in AD patients®~*’. Scale evaluation is difficult to accurately
determine the degree of cognitive impairment in AD patients. Future studies should more accurately assess
the degree of cognitive impairment in AD patients through neuroelectrophysiological methods, so as to more
accurately analyze the correlation between inflammatory indicators and cognitive impairment. In addition to
this, the relationship between inflammation and cognition may follow a nonlinear temporal pattern, resulting in
a failure to accurately capture their correlation in cross-sectional assessments. Alternatively, some compensatory
mechanisms may also mask the inflammation-cognition relationship at some stages of AD. These may all
contribute to our failure to find a correlation between inflammatory markers and the severity of cognitive
impairment.

Several limitations should be acknowledged in this study. First, the diagnostic certainty for AD was limited
by the absence of biomarker confirmation (e.g., cerebrospinal fluid AB42/p-tau217 levels) due to experimental
constraints. Second, cognitive assessment relying solely on MMSE may lack precision; incorporation of advanced
neurophysiological or neuroimaging measures could provide more accurate evaluation of cognitive impairment.
Third, while the control group was adequately sized, the relatively small AD cohort may affect the generalizability
of our findings. Finally, although we accounted for NSAIDs use among AD patients given their potential effects
on inflammatory indices and platelet function, the lack of NSAIDs usage data in the control group represents a
potential confounding factor that should be addressed in future studies.

In conclusion, this comprehensive analysis of peripheral blood parameters in AD patients provides novel
insights into their potential as accessible biomarkers. While further validation is needed, our findings advance
understanding of blood-based indicators for cognitive impairment severity assessment in AD.

Data availability

Raw data from this study can be provided with the consent of corresponding author when reasonably legal.
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