
ALFA+ cohort (n = 436)

Background

• Late-onset Alzheimer’s disease (AD) has a complex and highly polygenic 
architecture extending beyond the APOE locus, yet the molecular mechanisms 
linking this genetic risk to AD pathophysiology are not fully understood [1].

• The preclinical stage of AD provides a critical window to investigate molecular 
alterations associated with AD genetic risk prior to cognitive decline [2]. 

• Network-based plasma proteomic analysis can identify modules of correlated 
plasma proteins, enabling the study of systemic molecular signatures in an 
accessible biofluid [3].

• Although sex is a key modifier of AD pathogenesis, its role in shaping these plasma
proteomic signatures of AD polygenic risk remains poorly characterized [4].

Multi network-based analysis reveal sex-dependent plasma 
protein co-expression linked to Alzheimer’s genetic risk

To identify sex-dependent plasma proteomic networks 
associated with Alzheimer’s disease polygenic risk beyond 

APOE-ε4 in cognitively unimpaired adults.

1. Quality control and scaling.

2. Selection of soft-thresholding power (β) to 
approximate scale-free network topology.

3. Adjacency and TOM matrix construction to 
measure shared protein connectivity 
(corType = "bicor", networkType = "signed“).

4. Module detection by dynamic tree cutting 
(deepSplit = 4, minModuleSize = 10).

5. Module merging and eigenprotein 
calculation (mergeCutHeight = 0.15).

6. Module-trait association and hub proteins 
identification (kME).
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Figure 4. Top 10 hub proteins in AD genetic risk–associated WGCNA module M8 based on 
intramodular connectivity measured by kME. Nodes represent proteins and edges indicate 
connections between proteins, with a maximum of top 700 connections shown for each module.

WGCNA identified 19 plasma protein modules (M1–M19) (Figure 1).

Main effect models (Figure 2)

• Seven modules showed sex-associated expression patterns.

• M12 was negatively associated with both PRS-AD and APOE-ε4 carriership.

Sex modifies the relationship between AD genetic risk and plasma proteomic 
networks (Figure 3)

• Four modules showed sex-dependent associations with AD genetic risk.

• M8 displayed opposite associations in women and men.

• M7, M10 and M11 were negatively associated with APOE-ε4 carriership only in 
men.

M8 included 105 proteins, among which proteins involved in 
synaptic function (e.g., ARC) and oxidative stress (e.g., OGG1, 
PON2), previously implicated in AD pathophysiology (Figure 4).

Figure 1. WGCNA protein modules (M1–M19). Cluster dendrogram generated by unsupervised hierarchical clustering of all measured 
plasma proteins based on topological overlap, with modules identified by dynamic branch cutting and indicated by the color bar (left). 
Bar plot showing the number of proteins assigned to each WGCNA module (right).

Figure 2. Sex- and genetic risk–dependent associations between plasma protein co-expression modules and Alzheimer’s disease (AD) 
genetic risk. Heatmap showing β coefficients from linear regression models (adjusted for age and years of education, and for sex when
aplicable) testing associations between module eigenproteins (M1–M19; top color bar indicates WGCNA module identity) and sex, AD
polygenic risk score (PRS-AD), PRS-AD excluding the APOE region (PRS-ADnoAPOE), and APOE-ε4 carriership. Red and blue denote positive
and negative associations, respectively. Significance: *p<0.05, **pFDR<0.05, ***pFDR<0.0001.

Figure 3. Sex-specific associations between plasma protein co-expression modules and Alzheimer’s disease (AD) genetic risk. Heatmap 
showing β coefficients from sex-stratified linear regression models (adjusted for age) testing associations between module eigenproteins
and AD polygenic risk score (PRS-AD), PRS-AD excluding the APOE region (PRS-ADnoAPOE), and APOE-ε4 carriership in women and men.
Analyses were restricted to modules showing nominally significant sex × AD genetic risk interactions (M7, M8, M10, M11; top color bar
indicates WGCNA module identity). Red and blue denote positive and negative associations, respectively. Significance: *p<0.05,
**pFDR<0.05, ***pFDR<0.0001. Nominal interaction p values are reported as pint.

III. Statistical analysis*

1. Main effect models

Module Eigenprotein ∼ 𝐒𝐞𝐱 + Age + Education
Module Eigenprotein ∼ 𝐏𝐑𝐒−AD + Age + Sex
Module Eigenprotein ∼ 𝐏𝐑𝐒−ADno𝑨𝑷𝑶𝑬+ Age + Sex
Module Eigenprotein ∼ 𝑨𝑷𝑶𝑬−𝛆𝟒 + Age + Sex

2. Interaction analyses

Module Eigenprotein ∼ 𝐒𝐞𝐱 × 𝐏𝐑𝐒−AD + Age
Module Eigenprotein ∼ 𝐒𝐞𝐱 × 𝐏𝐑𝐒−ADno𝑨𝑷𝑶𝑬+ Age
Module Eigenprotein ∼ 𝐒𝐞𝐱 × 𝑨𝑷𝑶𝑬−𝛆𝟒 + Age

3. Sex-stratified analyses
 for modules showing nominally significant interactions

• AD genetic risk is associated with coordinated plasma 
protein networks in cognitively unimpaired adults.

• Four plasma protein networks showed sex-specific 
associations with AD genetic risk, indicating that sex may 
influence the molecular pathways linking genetic 
susceptibility to early AD-related biology.

• Sex modifies the association between plasma proteomic 
signatures and AD genetic risk beyond the APOE region, 
suggesting sex-specific biological responses to inherited 
AD risk and highlighting the importance of sex-aware 
study design and prevention strategies in preclinical AD.

Age: 57 [53–61]

Women: 60.3%

Aβ+: 33.7%

APOE-ε4: 55.2%
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I. Study sample II. WGCNA network construction
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*Multiple-testing correction: FDR
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	Diapositiva 1


  Module   Eigenprotein ∼ 𝐒 𝐞 𝐱 + Age + Education


  Module   Eigenprotein ∼ 𝐏 𝐑 𝐒 − AD + Age + Sex


  Module   Eigenprotein ∼ 𝐏 𝐑 𝐒 − ADno 𝑨 𝑷 𝑶 𝑬 + Age + Sex


  Module   Eigenprotein ∼ 𝑨 𝑷 𝑶 𝑬 − 𝛆 𝟒 + Age + Sex


  Module   Eigenprotein ∼ 𝐒 𝐞 𝐱   ×   𝐏 𝐑 𝐒 − AD + Age


  Module   Eigenprotein ∼ 𝐒 𝐞 𝐱   ×   𝐏 𝐑 𝐒 − ADno 𝑨 𝑷 𝑶 𝑬 + Age


  Module   Eigenprotein ∼ 𝐒 𝐞 𝐱   ×   𝑨 𝑷 𝑶 𝑬 − 𝛆 𝟒 + Age

