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Abstract

Accumulating evidence suggests that α-synuclein plays a role in the pathophysiology of Alzheimer’s disease (AD). This study examined whether 
α-synuclein level in cerebrospinal fluid (CSF) was associated with cognitive functioning among older adults. We also explored whether this 
relationship was mediated by proinflammatory cytokines TNF-α and IL-6, along with sIL-6R and vascular endothelial growth factor (VEGF).
Using a cross-sectional Alzheimer’s Disease Neuroimaging Initiative (ADNI; N = 148) sample, we examined the relationship between α-
synuclein and participants’ performance on Mini-Mental State Examination (MMSE) and Alzheimer’s Disease Assessment Scale Cognitive 
Subscale (ADAS-Cog 13) at baseline. Mediation analyses were utilized, adjusting for age, education, APOEe4, and Geriatric Depression Scale 
scores. All biological markers were measured in CSF. Participants in the current sample were 58.3% males, 41.7% females, and Caucasian 
(95.5%); their average education and age were 15.5 (standard deviation [SD] = 2.97) and 74.4 (SD = 7.51) years, respectively. Higher 
accumulation of α-synuclein was associated with poorer MMSE scores (β = −0.41, standard error [SE] = 1.54, p < .001). This relationship 
appeared to be mediated by VEGF (β = 0.27, SE = 2.15, p = .025) and IL-6r (β = 0.22, SE = 1.66, p < .026). In addition, α-synuclein was 
associated with poorer performance on the ADAS-Cog 13 (β = 0.34, p = .005) and mediated by VEGF (β = −0.19, SE = 4.13, p = .025) after 
adjusting for age, education, APOEe4, and depressive symptoms. α-Synuclein may serve as an additional biomarker for determining poor 
cognitive functioning. VEGF and IL-6 soluble receptors were significant mediators of the relationship between α-synuclein and cognitive 
functioning. If confirmed in prospective analyses, these findings can further inform the pathologic cascade and early diagnosis of AD.
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Alzheimer’s disease (AD) affects roughly 5.8 million persons in the United 
States (1). AD is a progressive neurodegenerative disease that causes sig-
nificant deterioration in cognition with impairment in memory and 
executive functioning and behavioral/personality changes. Early AD diag-
nosis can be challenging given that the disease begins roughly 20 years 

prior to symptom presentation (1). Risk factors for AD include advanced 
age (65 years or older), genetics (APOEɛ4), family history of the disease, 
cardiovascular disease, diabetes mellitus, socioeconomic status, and life-
style factors such as excessive alcohol consumption and lack of physical 
activity (1–3). Mild cognitive impairment (MCI), an intermediate stage 
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of AD, is classified as subjective or objective cognitive impairment in one 
or more domains, including attention, language, memory, executive func-
tion, and visuospatial skills (4). About 15%–20% of older adults in the 
United States (age 65 and older) present with MCI symptoms, and ap-
proximately 32% of MCI patients develop AD within 5 years (5).

For the past few decades, the dominant hypothesis for the patho-
genesis of AD has been amyloid-beta (Aβ) plaques and intraneuronal 
tangles of hyperphosphorylated tau protein. These biomarkers have 
been used for predicting cognitive decline. In addition to Aβ plaques 
and tangles, up to 60% of patients with AD show evidence of dementia 
with Lewy body (DLB) pathology (6). Lewy bodies are considered ab-
normal aggregation of the protein α-synuclein in neurons (6), and DLB 
can occur when these clumps develop in the cortex. CSF concentration 
of α-synuclein has been linked to CSF AD biomarkers, inversely with 
Aβ peptide and positively with tau protein (7). α-Synuclein increases 
tau phosphorylation and plays an important role in the regulation 
of microtubules by binding to tubulin (8). Further findings from hu-
mans as well as transgenic mice revealed that elevated level of soluble 
α-synuclein is related to alterations in presynaptic protein vesicles (9). 
Multiple studies have reported increased CSF levels of α-synuclein 
among patients with AD and MCI compared to healthy adults (10–
12). Even in the absence of DLB pathology, α-synuclein level among 
patients with AD is higher than in healthy adults (11). An examin-
ation of a cross-sectional sample of participants carrying Autosomal 
Dominant Alzheimer’s Disease mutations from the Dominantly 
Inherited Alzheimer Network suggested that CSF α-synuclein levels 
were positively correlated to the estimated years from disease onset 
(12). These findings suggest α-synuclein is another amyloid-like protein 
that contributes to the early development of AD (9). Therefore, further 
investigation is needed to understand whether α-synuclein is associated 
with AD-related cognitive decline in older adults.

α-Synuclein is secreted by cells and is present in biological fluids 
such as CSF. It is expressed in the central nervous system (CNS), 
with its highest concentration in the thalamus, neocortex, cere-
bellum, striatum, and hippocampus (13). In humans, α-synuclein 
is a natively unfolded protein with 140 amino acids and consists 
of 3 distinct parts: amphipathic N-terminus (membrane binding), 
NAC (nonamyloid component and aggregation-prone), and acidic 
C-terminus, which is unstructured and decreases aggregation (9). 
The N-terminal amphipathic region is capable of binding to lipids 
and causes the unfolded α-synuclein structure to change to an 
α-helix structure (9). In vitro and in vivo data show that an increased 
concentration of α-synuclein increases the tendency of the protein to 
aggregate (14,15). Misfolded α-synuclein forms oligomers and plays 
a leading role in neurodegenerative diseases such as Parkinson’s 
disease (PD), DLB, multiple system atrophy, neurodegeneration with 
brain iron accumulation type I, and Lewy body variant of AD (16).

Accumulation of α-synuclein oligomers can cause neuronal cell 
death by disrupting the integrity of cellular membranes (17). Microglial 
cells are activated and produce inflammatory mediators when foreign 
chemicals or dead cells are present in the CNS. Overexpression of 
α-synuclein in microglial cells results in the activation and production 
of proinflammatory factors (18). Altogether, α-synuclein’s role in syn-
aptic plasticity is well known; its ability to produce β-sheet structures, 
its role in aggregation of Aβ and tau protein under certain conditions, 
combined with its tendency to activate an inflammatory response, 
makes this protein an intriguing biomarker.

Research suggests the pathology of inflammatory mechanisms 
affects the progression of cognitive decline (19,20). In past research 
with animal models, investigators have observed upregulated gene 
expression of IL-1, IL-6, and TNF-α after injecting α-synuclein (21). 

Proinflammatory cytokines such as IL-6 have been associated with 
amyloid fibrils depositions (22). Soluble IL-6 receptor (sIL-6R) in-
volved in IL-6 trans-signaling has also been associated with the pro-
gression of AD (23). Additionally, astrocytes and neurons respond 
better to IL-6/sIL-6R complex for trans-signaling but not to classic 
IL-6 signaling. In young mice, IL-6 trans-signaling seems to be the 
main mechanism for the neurogenesis disruption that is mediated 
by IL-6 (24). Given the role of IL-6 trans-signaling in AD path-
ology, investigating the relationship between α-synuclein with IL-6 
and sIL-6R would provide a better understanding of how these bio-
logical markers may contribute to cognitive decline.

Another key cytokine associated with α-synuclein in 
neurodegeneration is vascular endothelial growth factor (VEGF), 
which is known to play a role in promoting anti-inflammatory re-
sponses and neurogenesis (25). In vitro studies have shown that 
a higher concentration of VEGF is linked to promoting neuronal 
apoptosis, loss of microvessels (26), and neurodegenerative dis-
eases such as AD and DLB (26,27). Moreover, in DLB, VEGF is 
inversely associated with the accumulation of α-synuclein. In PD, 
VEGF serves as a neuroprotective agent to prevent dopaminergic 
neuron apoptosis (28). VEGF and α-synuclein are known factors in 
neurodegenerative diseases like DLB and PD (6,9,12,26–28). Given 
VEGF’s role in learning and memory, it was necessary to investigate 
VEGF function in the relationship between α-synuclein and cogni-
tive functioning in older adults.

There is also a difference in the prevalence of AD among women 
and men. About two third of individuals diagnosed with AD and 
other dementias are women, approximately 3.5 million compared 
to 2.1 million men, respectively (1). It is important to identify bio-
markers that provide a further understanding of why such sex 
differences exist. For example, estrogen is linked to cognitive func-
tioning by providing neuro-protection in major brain structures rele-
vant to memory, such as the hippocampus (29). However, research 
on estrogen as a protective factor has been inconsistent (30,31). 
Therefore, examining additional biomarkers such as α-synuclein in 
other dementia-related disorders may help explain sex differences. 
α-Synuclein has been identified as the main biomarker in PD and 
DLB. The relationship between α-synuclein and sex has also been 
observed in DLB patients (32). Although DLB prevalence and CSF 
α-synuclein levels appear to be higher in men, women are more likely 
to experience hallucinations and a shorter duration of memory com-
plaints before clinical diagnosis, suggesting a faster progression (32). 
Similarly, in PD, α-synuclein levels appear to be higher in men. Even 
though the onset of clinical and cognitive presentation appears later 
in women, the progression occurs faster (33). Therefore, sex differ-
ences in the context of the relationship between α-synuclein and cog-
nitive impairment should be further studied.

Given the aging U.S.  population, it is important to investigate 
potential biomarkers for cognitive decline. We hypothesized that 
there would be: (a) a positive relationship between α-synuclein and 
proinflammatory cytokines IL-6 and TNF-α, and additional immune 
markers, VEGF and sIL-6R. (b) α-Synuclein would predict cognitive 
functioning in older adults through an immune response. (c) Sex will 
operate as a moderator in the relationship between α-synuclein and 
cognitive functioning.

Method

Data used in our analysis were obtained from the Alzheimer’s Disease 
Neuroimaging Initiative (ADNI) database (adni.loni.usc.edu). The 
ADNI was launched in 2003 as a public–private partnership led by 
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Principal Investigator Michael W. Weiner, MD. The primary goal of 
ADNI has been to assess whether serial magnetic resonance imaging, 
positron emission tomography, other biological markers, clinical and 
neuropsychological assessment can be combined to measure the pro-
gression of MCI and early AD. In ADNI-1, participants between the 
ages of 55–90 were enrolled in 57 sites in the United States and 
Canada. Each site PI ensures the study protocol is approved by the 
local Institutional Review Board. About 51% of participants en-
rolled in ADNI-1 agreed to provide CSF samples at baseline. For 
the current study, a total of 295 nonrandomly sampled participants 
from the ADNI-1 cohort had their α-synuclein and immune markers 
measured in CSF. As shown in Table 1, participants in the current 
sample were 58% males, Caucasian (95.5%), average education 
of 15.5 (standard deviation [SD] = 2.97) years, with an average 
age of 74.4 (SD = 7.51). In terms of cognitive performance, the 
average Mini-Mental State Examination (MMSE) score was 26.63 
(SD = 2.57), and the average Alzheimer’s Disease Assessment Scale 
Cognitive Subscale (ADAS-Cog 13) was 18.64 (SD = 8.85). The ma-
jority of participants had MCI (43%), 28% of the participants were 
diagnosed with AD, and 29% were cognitively normal.

Biomarkers
Baseline CSF samples were obtained in the morning after an over-
night fast. CSF samples were collected from all newly enrolled parti-
cipants at baseline and every 2 years thereafter. All immune markers 
(VEGF, IL-6, sIL-6R, and TNF-α) examined in this study were col-
lected as part of the Biomarkers Consortium CSF Proteomics MRM 
data set. Lumbar puncture was performed with a 20- or 24-gauge 
spinal needle as previously described (34); (see also ADNI procedures 
manual http://www.adni-info.org/ and https://adni.loni.usc.edu/
wp-content/uploads/2010/09/ADNI_GeneralProceduresManual.
pdf). Samples were normalized across plates using CSF standard 
values. The interplate coefficient of variation (CV) was less than 
10% for TNF and IL-6. Test–retest validation for 16 random par-
ticipant samples was performed to ensure reliability. Analytes were 
excluded during ADNI’s quality control (QC) if the mean per-
centage difference was greater than 35%, if the test–retest sample 
was less than 7, if the absolute percentage difference was greater 
than 60%, or if the intercept differed significantly from zero. 
VEGF’s average CV was 18% and passed all QC procedures. More 
details are available on the ADNI website (https://adni.loni.usc.edu/
wp-content/uploads/2012/01/2011Dec28-Biomarkers-Consortium-
Data-Primer-FINAL1.pdf). α-Synuclein was measured by Luminex 
assays as previously described (35). The α-synuclein Luminex assay 
applied in the ADNI cohort confirmed low day-to-day as well as 

plate-to-plate signal variability (<5% with >80 plates analyzed), 
with high signal reproducibility and linear performance in the low 
pg range (the lower limit of quantitation [LLOQ] is 9.0 pg/mL). 
Accuracy for the assay, as determined by the recovery of spiked 
α-synuclein, was about 93% (36). In addition, as α-synuclein is 
abundant in red blood cells and the release of this protein from 
lysed red blood cells in CSF may confound the interpretation of 
α-synuclein levels, hemoglobin (Hgb) was also measured in CSF 
samples to assess CSF contamination by red blood cells (36,37). 
The current study only includes CSF samples with less than 200 ng/
mL hemoglobin, which is the cutoff value to avoid red blood cell 
contamination (37).

Cognitive Functioning
The Mini-Mental State Examination
Mini-Mental State Examination is a widely used, dependable, and 
validated method of screening for cognitive impairment and mental 
status (38). This screening tool is generally used to determine if 
someone needs further diagnostic workup, including comprehen-
sive neuropsychological testing (39). The scores on the MMSE 
range from 0 to 30, with scores of 25 or higher considered normal. 
Generally, scores of less than 10 indicate severe impairment, and 
scores between 23 and 26 suggest MCI. The scores are also adjusted 
based on the education level.

ADAS-COG 13
The ADAS-Cog is widely used to assess the effectiveness of 
antidementia interventions. ADAS-Cog was initially designed to 
examine the severity of cognitive and noncognitive dysfunction from 
mild to severe AD (40). The assessment takes about 45 minutes, 
and scores range from 0 to 85 in the extended version (ADAS-Cog 
13)  and 0–70 in the standard version (ADAS-Cog 11)  by adding 
the number of errors on each task. A  higher score on ADAS-Cog 
indicates worse performance. The ADAS consists of 2 subscales that 
measure noncognitive and cognitive function. The noncognitive por-
tion measures depressive symptoms, attention, agitation, psychosis, 
and tremors. The cognitive subscale examines word recall, naming 
objects, fingers command constructional praxis, ideational praxis, 
orientation, word recognition, and language (40).

Geriatric Depression Scale
The Geriatric Depression Scale (GDS) was designed to assess depres-
sion among the older population. The self-report scale consists of 
30 yes/no questions with higher scores indicating severe depressive 
symptoms. The scale also has a condensed version called (15 ques-
tions) short form (41).

Statistical Analyses
All data were analyzed using R-Studio. Data were screened for 
errors, outliers, normality distributions, skewness, homogeneity of 
variance, and multicollinearity. IL-6 and TNF-α scores were sig-
nificantly skewed; thus, they were normalized using log transform-
ation. In this study, we controlled for the most cited covariates that 
are associated with cognitive performance, including age, educa-
tion, depressive symptoms (GDS), and APOE status (1,41). APOE 
genotyping was described in http://www.adni-info.org in detail. The 
APOE gene is polymorphic with the following 3 major isoforms: 
APOE ε2, APOE ε3, and APOE ε4. This study controlled for APOE 
status (carrier of 0, 1, or 2 APOE ε4 alleles); APOE ε4 carriers were 
coded as 0, 1, and 2, respectively.

Table 1. Participant’s Demographic Characteristics

 N AD LMCI CN 

Female 83 26 32 25
Male 116 29 54 33
Racial category     
 White 190 55 81 54
 Black 6  2 4
 Asian 3  3  
Ethnicity     
 Non-Hispanic 197    
 Hispanic 2    
Total 199 55 86 58

Note: CN = cognitively normal, LMCI = Late MCI.
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For hypothesis 1, we used the Lavaan model syntax to specify a 
regression model. In our model, we had 1 exogenous variable (α-
synuclein), 2 proinflammatory markers (TNF-α and IL-6), and 2 
immune markers (VEGF and sIL-6R) for their critical roles in neuro-
genesis and trans-signaling in AD progression. Indicators of model fit 
included comparative fit index (CFI), Tucker-Lewis index (TLI), root 
mean square error of approximation (RMSEA), and standardized 
root mean squared residual (SRMR). Generally, CFI and TLI greater 
than 0.95, and RMSEA and SRMR less than 0.08 indicate adequate 
fit. The final sample size was 199 and the estimation of model fit sug-
gested that the model fit the data satisfactorily, p < .01. CFI = 1, TLI = 1; 
RMSEA = 0.00; SRMR = 0.00.

For hypothesis 2, we used Hayes’ mediation model 4 to specify 
mediation models to examine whether α-synuclein could predict cog-
nitive functioning through immune markers VEGF, sIL-6R, and TNF-
α. MMSE and ADAS-Cog 13 scores were used as proxies for cognitive 
functioning. These mediation models included GDS score, age, 
APOEɛ4, and education as covariates. Hayes (42) applies the prin-
ciples of ordinary least squares regression to estimate direct, indirect, 
and conditional effects. The new edition of process (42) has included 
R function, making it possible to use process models in RStudio.

Results

Hypothesis 1
The first hypothesis proposed that there would be a positive associ-
ation between α-synuclein and VEGF, IL-6, sIL-6R, and TNF-α. This 
was partially supported (see Figure 1). α-synuclein predicted TNF-
α (β = 0.195, standard error [SE] = 0.12, p < .01), sIL-6R (β = 0.5, 
SE = 0.06, p < .001), and VEGF level (β = 0.6, SE = 0.07, p < .001). 
Higher α-synuclein was associated with higher TNF-α, sIL-6R, and 
VEGF levels. Surprisingly, α-synuclein did not predict IL-6 (p = .06). 
In the predicted direction, as demonstrated in Table 2, α-synuclein 

explained 24.6% of the variance in sIL-6R, 3.8% of the variance in 
TNF-α, and 35% of the variance in VEGF.

Hypothesis 2
Because the relationship between α-synuclein and IL-6 was insig-
nificant in the first hypothesis, we did not include IL-6 in the me-
diation model for the second hypothesis. The second hypothesis 
proposed that there would be a negative relationship between α-
synuclein and cognitive performance, and this relationship would 
be explained by inflammatory markers TNF-α, VEGF, and sIL-6R. 
We controlled for age, education, APOE4, and GDS score in both 
mediation models. As predicted, α-synuclein was negatively re-
lated to the MMSE score (β  =  −0.42, SE = 1.05, p < .001) and 
positively related to ADAS-Cog 13 score (β = 0.32, SE = 5.67, 
p < .01), indicating that higher levels of α-synuclein are associated 
with poorer cognitive performance. The relationship between α-
synuclein and MMSE score remained significant after adding me-
diators and was indirectly mediated by VEGF (β = 0.18, SE = 1.09, 
p < .05) and sIL-6R (β = 0.12, SE = 0.74, p < .05). Similarly, the 

Figure 1. Accumulation of α-synuclein had a positive relationship with VEGF (β = 0.6, p < .001), TNF-α (β = 0.2, p < .01), and sIL-6R Levels (β = 0.5, p < .001). 
VEGF = vascular endothelial growth factor.

Table 2. Standardized Regression Coefficients of α-Synuclein on 
Immune Markers

Variable β p SE R2 N = 199 

IL-6 0.119 .066 0.211 0.014  
sIL-6r 0.496 .000 0.063 0.246  
TNF-α 0.195 .001 0.122 0.038  
VEGF 0.592 .000 0.07 0.350  

Notes: Path analysis showed that the model fit was appropriate (CFI = 1, 
TLI = 1; RMSEA = 0.00; SRMR = 0.00). α-Synuclein significantly predicted 
sIL-6r, VEGF, and TNF-α. R2 is for each inflammatory marker’s regression co-
efficient that contributed to the model. SE = standard error; VEGF = vascular 
endothelial growth factor.
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relationship between α-synuclein and ADAS-Cog 13 remained 
significant after adding mediators and was indirectly mediated 
via VEGF (β  =  −0.19, SE = 4.13, p < .05). Among covariates, 
APOE4 predicted ADAS-Cog 13 (β = 0.23, SE = 1.13, p < .05) and 
MMSE (β  =  −0.28, SE = 0.25, p < .001). GDS predicted ADAS-
Cog 13 (β = 0.18, SE = 0.57, p < .05). Education predicted MMSE 
(β = 0.13, SE = 0.06, p < .05). Results are presented in Table 3.

Following Hayes’ moderation analysis of model 15, we examined 
whether sex moderated the relationship between α-synuclein and 
mediators as well as the relationship between cognitive functioning 
and α-synuclein. Male participants were coded as 1, and female 
participants were coded as 0.  Results indicated that the relation-
ship between α-synuclein and ADAS-Cog 13 did not depend on sex 
(B = 9.92, 95% confidence interval [CI]: 1.86 to 20.44). In addition, 
the indirect effect did not depend on sex via sIL-6R (B = −4.86, 95% 
CI: −10.16 to −1.24) and VEGF (B = −10.79, 95% CI: −21.25 to 
−4.72). The same pattern was observed with MMSE scores. Results 
indicated that the direct effect of α-synuclein and MMSE did not de-
pend on the sex of the participants (B = 2.27, 95% CI: 0.99 to 3.9). 
The indirect effect also did not depend on the sex of participants via 
sIL-6R (B = −4.34, 95% CI: −7.08 to −2.205) nor VEGF (B = 3.43, 
95% CI: 1.647 to 6.004).

Discussion

AD is a heterogeneous disease that involves multiple pathogenic 
pathways and features cognitive decline as one of the key clinical 
manifestations. Detection of sensitive biomarkers of cognitive dys-
function is essential in studying the progression of AD and can aid 
in the development of new interventions, lessen disease burden, and 
the cost and time of clinical trials. This study examined the associ-
ation between α-synuclein accumulation and the level of cognitive 
functioning through elevated levels of immune biomarkers. First, we 
hypothesized that there would be a positive association between α-
synuclein with VEGF, soluble IL-6 receptor, and proinflammatory 
cytokines IL-6, and TNF-α. This was partially supported except 
for IL-6. This study demonstrated that α-synuclein accumulation is 
strongly associated with VEGF, soluble IL-6 receptor, and TNF-α. 
As a proinflammatory cytokine, IL-6 is essential in acute inflamma-
tory phase response. Although IL-6 and α-synuclein were not sig-
nificantly associated in the current study, this relationship has been 

observed in animal studies21. Evidence from blood and CSF samples 
of PD patients has shown elevated levels of proinflammatory cyto-
kines such as IL-6 and TNF-α (21). There are 2 pathways that IL-6 
can signal: classic and trans-signaling. In classic signaling, IL-6 binds 
to the cell membrane IL-6 receptor (IL-6R). For trans-signaling, IL-6 
binds to the soluble form of IL-6R receptor (sIL-6R), and the latter 
promotes an indirect inflammatory response to IL-6. The complex 
sIL-6R (IL-6/sIL-6R) can bind to the glycoprotein 130 (gp130) 
present in most cell membranes. The ternary complex promotes IL-6 
trans-signaling (24). Elevated levels of soluble IL-6 receptors can 
impair proper IL-6 responsiveness via trans-signaling. This result is 
consistent with previous findings suggesting that IL-6 trans-signaling 
has a key role in the development of neurodegenerative disease in 
mice (24). Moreover, the disruption in IL-6 trans-signaling has been 
associated with stronger astrocyte activation which can further in-
crease neuroinflammation (24).

The second aim of the study posited that α-synuclein can posi-
tively predict the level of cognitive functioning in ADNI participants 
through inflammatory biomarkers. This was partially supported. 
VEGF, IL-6 receptor, and TNF-α did mediate the relationship be-
tween α-synuclein accumulation and cognitive functioning using 
MMSE. Among all investigated mediators, only VEGF was a signifi-
cant mediator in the relationship between α-synuclein and ADAS-
Cog 13 scores. VEGF can affect both neuronal and vascular cells 
(25), and this study observed that as a neuroprotective cytokine, 
it may be a key factor in neurodegeneration. The direct relation-
ship between α-synuclein and the level of cognitive functioning was 
also observed. The associations between ADAS-Cog 13 and immune 
markers VEGF and soluble IL-6 receptors were surprisingly nega-
tive. Higher levels of soluble IL-6 receptor and VEGF were associ-
ated with better performance in ADAS-Cog 13. Conversely, poorer 
performance on the MMSE was associated with higher levels of 
proinflammatory cytokines IL-6 and TNF-α. This unexpected dir-
ection of the relationship between VEGF and ADAS-Cog 13 can be 
partly explained by VEGF’s vital role in neurogenesis and may still 
have a protective role in the specific brain regions assessed by ADAS-
Cog 13 measure. However, the same relationship was not observed 
with MMSE as a global cognitive measure. The current findings also 
suggest a positive relationship between sIL-6R and MMSE scores. 
This was contrary to our expectation but is consistent with a longi-
tudinal study by Metti et al. (43) finding that older women with an 
elevated level of sIL-6R were less likely to develop dementia over a 

Table 3. The Standardized and Unstandardized Total, Direct and Indirect Effect of α-Synuclein on MMSE and ADAS-Cog 13

 B β SE 95% CI N 

MMSE     N = 148
 sIL-6 receptor 1.63* 0.12 0.74 0.36 to 3.27  
 VEGF 2.49* 0.18 1.09 0.54 to 4.82  
 TNF-α −0.4 −0.03 0.23 −0.96 to −0.03  
 Direct effect −5.92*** −0.42 1.5 −9.1 to −3.29  
 Total effect −2.2 −0.16 1.05 −4.28 to −0.2  
ADAS-Cog 13     N = 149
 sIL-6 receptor −2.14 −0.04 2.34 −7.55 to 2.01  
 VEGF −9.28* −0.19 4.13 −17.9 to −2.05  
 TNF-α 1 0.02 0.81 −0.014 to 3.06  
 Direct effect 15.89** 0.32 5.67 6.24 to 28.11  
 Total effect 5.47 0.11 4.02 −2.21 to 13.55  

Notes: *p < .05; **p < .01; ***p < .001. MMSE = Mini-Mental State Examination; ADAS-Cog = Alzheimer’s Disease Assessment Scale Cognitive Subscale; 
VEGF = vascular endothelial growth factor.
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16-year period. Similarly, in another study, sIL-6R measured in CSF 
was significantly decreased among patients with AD compared to 
cognitively healthy controls (44).

Given the fact that more women are diagnosed with AD or other 
dementia when compared with men, this study used moderated me-
diation analysis to evaluate whether the magnitude of mediation ef-
fect of α-synuclein on the level of cognitive functioning depended on 
the sex of participants. Results showed that the indirect and direct 
effect of α-synuclein on cognitive functioning was not contingent 
on sex. Admittedly, the sex differences in the relationship between 
α-synuclein and cognitive decline may be present in a longitudinal 
examination rather than cross-sectional. The sex differences in AD 
prevalence can be partially explained by the fact that women live 
longer than men considering that age is a major risk factor for AD. 
In addition, women have an increased rate of other risk factors such 
as depression, lower education, physical inactivity, and becoming 
a caregiver (45). Our findings suggest that identifying individual 
biomarkers that interact with sex may not fully represent the com-
plexity of the sex differences that exist.

To minimize the effects of confounding variables, several con-
siderations were made in this study. Because there was blood con-
tamination in CSF α-synuclein, all cases with a significant amount 
of Hgb were excluded from the study. Important advances in know-
ledge during the past 15 years include the growing understanding 
of biological mechanisms that may lead to AD neuropathology. 
The current study examined immune markers, α-synuclein, and 
cognitive assessments at one point in time. Additional analyses 
may inform the long-term effect of α-synuclein accumulation and 
neuroinflammation on cognitive decline. Another limitation of this 
study is the use of measures to assess global cognitive functioning. 
Future studies should utilize measures that assess individual cogni-
tive domains, particularly areas vulnerable to AD pathology, such 
as memory. Finally, given the small sample size, we did not include 
additional covariates known to impact cognitive functioning. Future 
research should include other factors not introduced in this study 
known to influence global cognition.

Furthermore, the current study used data from ADNI, a multisite, 
multistudy program, and was unable to control for any measurement 
errors that occurred at the research site. Despite these limitations, the 
current study established a positive relationship between α-synuclein 
and immune markers and the mediating role of the immune system in 
the relationship between α-synuclein and cognitive functioning. The 
present study provided a unique perspective by using α-synuclein as 
a potential biomarker to assess 2 neurocognitive measures. These 
results extended our knowledge about additional biomarkers to aid 
in understanding AD’s development over time. Further longitudinal 
studies should examine the concentration of these biomarkers and 
their role in the progression of MCI to AD over time.
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