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Background: Until recently, the association between circulating adiponectin 
(ADPN) levels and the risk of Alzheimer’s disease (AD) and Parkinson’s disease 
(PD) remained unclear.

Methods: We utilized public data from the IEU GWAS database to conduct a 
two-sample bidirectional Mendelian randomization (MR) analysis and multiple 
sensitivity analyses. The MR analysis was performed using the aggregated data, 
with the genetic risk score (GRS) serving as an instrumental variable.

Results: The MR analyses revealed no significant causal association between 
genetically determined ADPN levels and the risk of AD (ORIVW = 0.852, 95% 
confidence interval [CI]: 0.586–1.117, p = 0.235) or PD (ORIVW = 0.830, 95% 
CI: 0.780–1.156, p = 0.606). Conversely, neither AD nor PD demonstrated any 
causal association with ADPN levels. The GRS approach yielded similar results 
(p > 0.05). However, it exhibited a negative correlation with interleukin 1β (IL1β, 
βIVW = −0.31; 95% CI: −0.55 to −0.07, p = 0.011). The Cochrane’s Q test and MR-
PRESSO analysis revealed no evidence of pleiotropy.

Conclusion: Our findings provide no evidence to substantiate a causal 
relationship between ADPN levels and the risk of AD and PD or vice versa. 
However, elevated levels of ADPN may correlate with lower levels of IL1β.
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Introduction

Neurodegenerative diseases (NDs), particularly Alzheimer’s disease (AD) and Parkinson’s 
disease (PD), are mainly characterized by chronic and selective neuronal cell death, and the 
onset of these disease is predominantly associated with oxidative stress and neuroinflammation 
(1). The prevalence of AD and PD increases markedly with aging, especially among the elderly. 
According to the Alzheimer’s Disease International, approximately 50 million people globally 
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have dementia—a figure projected to triple by 2050 (2). Currently, PD 
affects 1–2 individuals per 1,000 in the general population and 1% of 
those over the age of 60 years (3). However, the exact etiology 
underlying the pathogenic mechanism of these diseases is unclear. 
Currently, no effective remedies are available for these disorders, and 
there is a urgent need for new therapeutic targets and biomarkers.

Adiponectin (ADPN), a protein of 244 amino acids located on 
chromosome 3q27, is a cytokine secreted by adipose tissue. ADPN 
plays a crucial role in regulating lipid metabolism, energy homeostasis, 
immune response, inflammation, and insulin sensitivity (4–6). 
Numerous studies have demonstrated that ADPN is negatively 
associated with obesity, insulin resistance, type 2 diabetes, 
atherosclerosis, and cardiovascular disease. These factors can increase 
the risk of developing AD and PD. ADPN can inhibit the inflammatory 
response of microglia to AβO while simultaneously promoting the 
proliferation of hippocampus progenitor cells and Neuro2A cells, 
thereby performing a neuroprotective function (7). Meanwhile, ADPN 
exerts an overall anti-inflammatory effect by regulating the expression 
of cytokines such as IL-6, IFN-r, d TNF-ɑ, IL-1β, and IL-10. 
Understanding the impact of ADPN on the risk of NDs is imperative 
(8, 9). However, recent observational studies have demonstrated 
conflicting associations between ADPN levels and the risk of NDs. 
Some studies have demonstrated that ADPN levels are comparatively 
elevated in patients with AD and PD compared to controls, while 
other studies have revealed significant negative correlations or no 
associations at all (10–14). Observational studies seek to ascertain 
whether ADPN exposure causes susceptibility to NDs or if the 
observed correlation is solely due to other unmeasured confounders. 
On the other hand, randomized controlled trials present ethical issues 
that do not substantiate a causal relationship between ADPN and NDs.

Mendelian randomization (MR) offers a new approach to probing 
the issue of causality in epidemiological research using genetic variants 
that are robustly associated with exposures as instrumental variables 
(IVs), enabling more accurate inferences of causality with a particular 
outcome (15). Genetic variants are randomly combined during gametic 
formation and are unaffected by environmental and lifestyle factors, 
thereby minimizing potential confounding factors, measurement errors, 
or reverse causality inherent in observational studies (16). However, 
whether MR studies can be used as a reliable tool for inferring causality 
depends on three core requirements (Figure 1) (17). First, IVs must 
be strongly associated with the exposure factor. Second, IVs should act 
independently to confound the exposure–outcome association. Third, 
IVs must not be correlated with the outcome and only pass through the 
exposure–outcome pathway (no horizontal pleiotropic effect).

The effect of ADPN on the risk of ND has been inconclusive in 
observational studies, and the potential causality between them has 
received limited attention in MR studies. Here, we analyzed the causal 
relationship between serum ADPN levels and the risk of AD and PD 
using a two-sample bidirectional MR approach with summarized data 
from GWAS.

Methods

Data sources

GWAS data for ADPN were obtained from the ADIPOGen 
consortium’s Central European population (n = 39,883) (18). The GWAS 
data for AD and PD were pooled from the International Genomics of 
Alzheimer’s Project (19) (IGAP, n = 17,008 patients with AD and 37,154 
controls) and the International Parkinson’s Disease Genomics 
Consortium (20) (IPDGC, n = 33,674 patients and 449,056 controls), 
respectively. The GWAS data for related traits included body mass index 
(BMI) [n = 322,154, from the Consortium for Genetic Investigation of 
Human Characteristics (21)] and inflammatory factors [n = 3,301, from 
Sun BB et al. (22)]. These GWAS data were adjusted for demographic 
characteristics, ensuring the accuracy of genetic information and 

FIGURE 1

An overview of the study design with three fundamental assumptions of the MR study. The blue boxes represent the three hypotheses of Mendelian 
randomization, the red boxes represent the causal chain of Mendelian randomization, the solid lines and arrows represent causal effects, and the 
dashed arrows are not associated with any confounding factors.

Abbreviations: ADPN, Adiponectin; AD, Alzheimer’s disease; PD, Parkinson’s disease; 

MR, Mendelian randomization; GRS, Genetic risk score; IL1β, Interleukin 1β; NDs, 

Neurodegenerative diseases; LD, Linkage disequilibrium; IGAP, International 

Genomics of Alzheimer’s Project; IPDGC, International Parkinson’s Disease 

Genomics Consortium; IVW, Inverse-variance weighted; OR, Odds ratio.
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providing more reliable instrumental variables for MR. All GWAS 
aggregate data used in this study are publicly available in the IEU GWAS 
database1 and have passed the ethical review process of the IEU database.

Instrument variable selection

When using GWAS aggregate data to filter IVs for MR studies, a 
series of specific requirements and parameters must be  followed to 
ensure that the selected instrumental variables are both valid and 
reliable. First, single nucleotide polymorphisms (SNPs) that show a 
significant association with exposure factors were screened (p < 5 × 10−8). 
Setting thresholds in PLINK (r2 > 0.001, maximum distance 10,000 kb) 
ensures genetic independence between SNPs, reduces redundant 
information, and avoids strong linkage disequilibrium (LD) bias (23). 
Subsequently, we extracted the effect estimates for the selected SNPs 
from each outcome GWAS dataset, ensuring that the SNPs were not 
directly significantly correlated with the outcome variables. For target 
SNPs that are missing from the resulting GWAS data, the online tool 
LDlink2 can be used to find proxy SNPs with a high linkage relationship 
(r2 > 0.9) to the target SNPs. In addition, we used the “TwoSampleMR” 
package to harmonize the exposure and outcome data and to ensure 
consistency in the analysis variables across different datasets and studies. 
This process involved removing palindromic SNPs or adjusting the 
direction of SNP effects, thereby improving the reproducibility and 
reliability of our findings (Supplementary Tables S1–S3).

We further calculated the F-statistic for each SNP and assessed the 
variance explained by exposure to reduce potential bias and satisfy the 
hypothesis that instrumental variables are significantly associated with 
exposure (Supplementary methods 1). We evaluated the relationship 
between ADPN and ND-related features, including BMI and 

1  https://gwas.mrcieu.ac.uk/

2  https://ldlink.nci.nih.gov/

inflammatory factors, to test the hypothesis that instrumental 
variables are not associated with confounders. We adopted various 
methods (Cochran’s Q test, MR-Egger regression intercept term test, 
“leave-one-out” sensitivity analysis, and MR-PRESSO analysis) to 
ensure that the relationship between the instrumental variables and 
outcome variables was transmitted only through exposure factors, 
avoiding direct effects and pleiotropy. Using PhenoScannerV2 and 
GWAS catalog retrieval, potential pleiotropic SNPs were gradually 
removed (for more details, refer to the section on Heterogeneity and 
Sensitivity Tests). The IV filtering process is shown in Figure 2.

Statistical analyses

Mendelian randomization analysis
Three MR methods were employed to estimate the causal 

relationship between exposure and outcomes: (1) The inverse-variance 
weighted (IVW) method, which is based on the premise that all 
instrumental variables are valid without evidence of directional 
pleiotropy and is considered the most reliable MR method. (2) 
MR-Egger regression, where the slope and intercept represent 
causality and pleiotropy, respectively, although this method comes at 
the expense of lowered statistical power. (3) The weighted median 
method, which is a more robust MR approach and is particularly 
useful when up to half of the weight comes from invalid IVs. R 
software (version 4.3.1) and the R software packages “TwosampleMR,” 
“gtx,” “MR-PRESSO,” and “forestploter” were used for statistical 
analysis. All causal effect estimates (beta coefficients) were converted 
to odds ratios (ORs). A p-value of < 0.05 was considered 
statistically significant.

Genetic risk score
The core step of the genetic risk score (GRS) method was to 

generate an individualized, comprehensive genetic risk score by 
weighting the effects of genetic variants (i.e., risk SNPs) associated 
with a specific exposure phenotype. The specific method includes the 

FIGURE 2

Flowchart of instrumental variable selection. ADPN, adiponectin; AD, Alzheimer’s disease; PD, Parkinson’s disease; SNPs, single-nucleotide 
polymorphisms; LD, linkage disequilibrium.
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following steps: (1) IV selection. SNPs significantly associated with 
exposure phenotypes were screened from the previously collected 
GWAS data. To avoid pleiotropic or confounding effects, SNPs that 
may be associated with other phenotypes were further eliminated—
for example, by evaluating their effects outside the exposed phenotype 
to exclude pleiotropic loci. At the same time, SNPs with palindromic 
sequences (such as A/T or C/G), where alleles were not clearly 
referenced, were either cleaned or deleted to ensure the reliability of 
the analysis. (2) Extraction and weighting of the SNP effect. Using the 
“gtx” package in R and its grs.summary module, the exposed SNP 
effect values (usually expressed as β) were extracted from the GWAS 
summary data. The effect value of each SNP was weighted, with the 
weighting coefficient determined according to the strength of the 
SNP’s association with the exposure phenotype (i.e., the absolute value 
of the beta value). The personalized weighted GRS was calculated 

using the following formula: β
=

=∑i
1

GRS
n

j ij
j

G , where iGRS  is the 

genetic risk score of individual i, jâ  is the effect value of j SNP, and ijG  
is the genotype of individual i at j SNP. 0, 1, and 2 indicate the copy 
number of the alleles. (3) Correlation analysis between the GRS and 
outcome phenotype. In the statistical analysis, the GRS was treated as 
a continuous variable and the relationship between the GRS and 
outcome phenotype was assessed using linear regression models (for 
continuous outcome variables) or logistic regression models (for 
binary outcome variables). (4) Heterogeneity test and bias assessment. 
To verify the consistency of the contributions of the selected SNPs to 
the GRS, Cochran’s Q test was used to assess the effect of heterogeneity 
among SNPs.

Heterogeneity and pleiotropy tests
We performed heterogeneity and sensitivity tests to further 

evaluate the validity of the results. Heterogeneity among the SNPs was 
assessed using Cochran’s Q test, and a p-value of < 0.05 was considered 
statistically significant (suggesting the possibility of heterogeneity). The 
presence of directional horizontal pleiotropy was assessed according to 
the intercept term from MR-Egger regression (p < 0.05 indicated the 
possibility of pleiotropy). We performed a “leave-one-out” sensitivity 
analysis for each SNP to investigate the potential impact of the SNPs 
on causal estimation. MR-PRESSO analysis was performed to identify 
outliers to adjust the estimates, thereby improving the reliability of the 
IVs (p < 0.05 indicated a significant global). The PhenoScannerV2 
database3 and GWAS catalog4 were searched for potential confounding 
traits, and possible pleiotropic instrumental variables were gradually 
removed (Supplementary Tables S4–S6).

Sample size and power calculations
We referred to the method of calculating power.5 The results revealed 

that both the bidirectional MR analysis from exposure to outcome and 
the reverse MR analysis from outcome to exposure had sufficient power 
to detect statistically significant effects and met the necessary sample size 
requirements (Supplementary Table S7). This supports the conclusion 
that the observed associations are unlikely to have occurred by chance.

3  http://www.phenoscanner.medschl.cam.ac.uk/

4  https://www.ebi.ac.uk/gwas/summary-statistics

5  https://shiny.cnsgenomics.com/mRnd/

Results

MR estimates of ADPN and AD

Table 1 and Supplementary Figure S3 show that no significant 
association was observed between ADPN and the risk of AD using any 
of the three MR methods (IVW: ORIVW = 0.852, 95% CI: 0.586–1.117, 
p = 0.235; ORWM = 0.808, 95% CI: 0.539–1.078, p = 0.122; ORMR-

Egger = 0.740, 95% CI: 0.312–1.168, p = 0.205). The Cochran’s Q 
statistics indicated almost no heterogeneity between the IVs 
(QIVW = 15.754, p = 0.072; QMR-Egger = 14.502, p = 0.070), and the 
MR-Egger intercept test showed no evidence of horizontal pleiotropy 
(intercept = 0.011; p = 0.430). No potential outliers were found in the 
MR-PRESSO (global p = 0.117) (Table  2). The “Leave-one-out 
analysis” revealed that no SNP significantly contributed to estimate 
the causal association between ADPN levels and the risk of AD 
(Supplementary Figure S1A). These tests supported the reliability of 
the MR results.

In contrast, no evidence of a causal association was observed 
between genetic predisposition to AD and ADPN (p > 0.05) (Table 1). 
Similarly, no significant horizontal pleiotropy was observed 
(intercept = −0.006; p = 0.566), nor was there any evidence of 
heterogeneity (QIVW = 8.347, p = 0.214; QMR-Egger = 7.761, p = 0.170) or 
potential outliers (global p = 0.409) (Table  2; Supplementary  
Figure S1B).

MR estimates of ADPN and PD

The IVW method did not find any statistically significant 
association between genetically determined ADPN and PD 
(OR = 0.830, 95% CI: 0.780–1.156, p = 0.606). In addition, the 
MR-Egger regression (OR: 0.756, 95% CI: 0.493–1.020, p = 0.060) and 
weighted median methods (OR: 0.823, 95% CI: 0.649–1.045, 
p = 0.113) yielded similar results, with slightly wider confidence 
intervals (Table 1; Supplementary Figure S4). The Cochran’s Q test did 
not detect significant heterogeneity between the estimates of the IVs. 
The “leave-one-out” analysis revealed that no single SNP influenced 
the IVW causal association estimates (Table  2; Supplementary  
Figure S2A).

Similarly, our results did not reveal a significant causal relationship 
between the risk of PD and ADPN levels, with all three methods 
yielding consistent estimates in the same direction (ORIVW: 1.003, 95% 
CIIVW: 0.982–1.024, PIVW = 0.795; ORWM: 1.002, 95% CIWM: 0.975–
1.029, PWM = 0.887; ORMR-Egger: 1.029, 95% CIMR-Egger: 0.973–1.085, PMR-

Egger = 0.330) (Table  1). Furthermore, no potential outliers (global 
p = 0.182) were identified, and heterogeneity (QIVW = 17.806, 
PIVW = 0.216; QMR-Egger = 16.564, PMR-Egger = 0.220) and horizontal 
pleiotropy (intercept = −0.004, p = 0.341) were not observed in the 
causal relationship between PD and ADPN (Table  2; 
Supplementary Figure S2B).

GRS estimates of ADPN and the risk of NDs

As for the GRS exposure and outcome, no causal relationship was 
observed between serum ADPN and the risk of AD (OR = 0.851, 95% 
CI: 0.661–1.041, p = 0.100 in the forward direction; OR = 1.006, 95% 
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CI: 0.994–1.017, p = 0.345  in the reverse direction) (Table  3). 
Consistently, the GRS results showed no causal relationship between 
ADPN and the risk of PD. In addition, the results of the study revealed 
that no heterogeneous effect on the risk of the outcome was observed 
in the direction in relation to the estimated effect of exposure on the 
risk of the outcome (All P-Het > 0.05).

MR estimates of ADPN and ND-related 
traits

The MR results revealed a negative correlation between ADPN 
and IL1β (βIVW = −0.31; 95% CI: −0.55 to −0.01, p = 0.011; βWeighted 

median = −0.37; 95% CI: −0.67 to −0.07, p = 0.016; βMR-Egger = −0.43; 95% 
CI: −0.78 to −0.07, p = 0.035). However, the forest plot showed that 
none of the three MR methods demonstrated a causal association 
between ADPN and any other ND-related traits (p > 0.05) (Figure 3; 
Supplementary Table S8).

Discussion

This extensive two-way MR study found no evidence 
supporting a causal relationship between ADPN levels and 
susceptibility to AD and PD, and vice versa. These results are 
robust because multiple heterogeneity and sensitivity analyses 

TABLE 2  The heterogeneity and sensitivity results for the association between ADPN and the risk of AD and PD.

Exposure-
outcome

MR-PRESSO Cochran’s heterogeneity statistic Horizontal pleiotropy

Global 
p-value

IVW MR Egger MR-Egger

Q p Q p-value Intercept SE p-value

ADPN-AD 0.117 15.754 0.072 14.502 0.070 0.011 0.013 0.430

ADPN-PD 0.561 10.984 0.530 7.864 0.725 0.017 0.009 0.105

AD-ADPN 0.409 8.347 0.214 7.761 0.170 −0.006 0.010 0.566

PD-ADPN 0.182 17.806 0.216 16.564 0.220 −0.004 0.004 0.341

ADPN, adiponectin; AD, Alzheimer’s disease; PD, Parkinson’s disease; IVW, inverse-variance weighted.

TABLE 3  The effects of GRSADPN on NDs and GRSNDs on ADPN.

Exposure Outcome OR (95%CI) p-value Qrs P-Het

ADPN AD 0.851 (0.661–1.041) 0.100 19.925 0.069

ADPN PD 0.949 (0.775–1.124) 0.561 16.525 0.222

PD ADPN 0.999 (0.981–1.018) 0.931 21.112 0.174

AD ADPN 1.006 (0.994–1.017) 0.345 11.025 0.200

ADPN, adiponectin; AD, Alzheimer’s disease; PD, Parkinson’s disease; OR, odds ratio.

TABLE 1  MR results for the relationships between ADPN and NDs.

Exposure-outcome Number of SNPs Method OR (95%CI) p-value

ADPN-AD 10a IVW 0.852 (0.586–1.117) 0.235

10a Weighted median 0.808 (0.539–1.078) 0.122

10a MR Egger 0.740 (0.312–1.168) 0.205

ADPN-PD 13b IVW 0.830 (0.780–1.156) 0.606

13b Weighted median 0.823 (0.649–1.045) 0.113

13b MR Egger 0.756 (0.493–1.020) 0.060

AD-ADPN 7c IVW 0.981 (0.946–1.018) 0.318

7c Weighted median 0.993 (0.950–1.038) 0.743

7c MR Egger 1.023 (0.890–1.177) 0.759

PD-ADPN 15d IVW 1.003 (0.982–1.024) 0.795

15d Weighted median 1.002 (0.976–1.029) 0.884

15d MR Egger 1.029 (0.973–1.088) 0.330

aRs12051272 was not matched in the AD GWAS summary data, rs601339 had potential multieffect effects, and palindromic SNPs (rs2980879 and rs7964945) were removed.
bRs601339 had potential multieffect effects and was deleted.
cSeven SNPs were not matched in the ADPN GWAS summary data, and palindromic SNPs (rs12972156 and rs12977604) were removed.
dSix SNPs were not matched in the ADPN GWAS summary data, and palindromic SNPs (rs10451230 and rs35265698) were removed.
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were performed to detect and eliminate any potential 
genetic pleiotropy.

ADPN has anti-inflammatory, anti-atherosclerotic, and insulin-
sensitizing properties and is highly heritable, with an estimated 
genetic risk of 0.40–0.88 based on twin and sibling studies (24, 25). 
Growing neurobiological evidence indicates that ADPN exerts 
protective effects in various regions of the central nervous system 
by binding to AdipoR1 and AdipoR2. However, in a 13-year cohort 
study from the Framingham Heart Study, ADPN was not associated 
with all-cause dementia (HR = 1.14, 95% CI: 0.97–1.34) or AD 
(HR = 1.19, 95% CI: 0.98–1.43). Further subgroup analysis revealed 
that female sex and higher baseline ADPN levels were significantly 
associated with an increased risk of all-cause dementia and AD 
(HR = 1.13, 95% CI: 1.07–1.61; HR = 1.32, 95% CI: 1.06–1.65), 
while no significant associations were observed in male sex 
(p > 0.05). However, no association was found after adjusting for 
age, BMI, weight change, APOEε4 allele, and other confounding 
factors (11). Consistent with the findings of cohort studies (26–28) 
across most populations, our MR study also did not find a 
significant causal relationship between genetically determined 
ADPN levels and AD. In the above-mentioned studies, we found 
that the differences between observational studies may be attributed 
to the fact that confounders, including age, obesity, and metabolic 
diseases, were not completely excluded, all of which are associated 

with chronic inflammation. However, our MR study selected SNPs 
significantly associated with ADPN from the GWAS dataset and 
removed ADPN SNPs associated with age, obesity, inflammation, 
and APOE sites to minimize type I errors. Therefore, the results of 
MR studies may be more reliable.

This phenomenon is reflected in studies examining ADPN and 
PD. The results of our MR study confirm the results of previous 
observational studies (29, 30), indicating no association between 
serum ADPN and the risk of PD, although some studies have indicated 
a positive correlation. For instance, Hiroshi et al. (31) reported that 
compared to the control group (13.3 ± 7.0 mg/L), ADPN levels in 
patients with PD (18.6 ± 8.3 mg/L), patients with MSA-P 
(16.5 ± 9.3 mg/L), and patients with PSP (13.8 ± 6.7 mg/L) were 
significantly increased (p < 0.05). ADPN levels in patients with PD 
were significantly higher than those in age-matched morbidly obese 
individuals. However, they were similar to those in normal-weight, 
healthy young individuals. In non-obese individuals, men 
(7.7 ± 3.1 μg/mL) had lower mean ADPN levels than women 
(10.6 ± 7.3 μg/mL). In addition, ADPN was positively correlated with 
HDL-c concentration in patients with PD, indicating that ADPN has 
a protective effect on cardiovascular events, including anti-
inflammation and anti-atherosclerosis properties in patients with PD 
(32). According to the above-mentioned studies, sex and obesity are 
confounding factors affecting the level of ADPN. The discrepancy 

FIGURE 3

MR estimate plot showing the effect of ADPN on ND-related traits. The red line indicates statistical significance (p < 0.05), while the blue line indicates 
no statistical significance (p > 0.05). ADPN, adiponectin; IVW, inverse-variance weighted.
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between our results and those of observational epidemiologic studies 
could be  attributed to small sample sizes, lack of adjustment for 
potential confounders, and reverse causality in the previous studies.

In our MR study, which utilized the IVW, weighted median, and 
MR-Egger methods, we consistently observed a negative correlation 
between ADPN and IL1β, with no evidence of heterogeneity or 
pleiotropy, following the exclusion of SNPs with high genetic overlap 
or those associated with IL1β. This suggests that adiponectin may play 
a role in regulating neuroinflammation. Low levels of ADPN may 
indicate a metabolic disorder (obesity and diabetes), which, in itself, 
may promote systemic low-grade inflammation, further exacerbating 
the inflammatory response in the nervous system (7, 33). Low levels of 
adiponectin (ADPN) enhance immune cell reactivity by inhibiting the 
AMPK and PPAR-γ signaling pathways; promote the release of 
pro-inflammatory factors such as TNF-α, IL-6, and IL-1; disrupt the 
integrity of the blood–brain barrier; activate microglia and astrocytes; 
and exacerbate neuroinflammation and neurodegeneration. On the 
contrary, adiponectin can positively regulate hippocampal synaptic 
plasticity by activating the AdipoR1/AMPK signaling pathway and 
improve spatial learning ability and working memory function in mice 
(34, 35). Neurogenic inflammation can harm nerve cells and synaptic 
connections, increase levels of Aβ and tau, and induce 
neurodegeneration through multiple pathways, including ROS, RNS, 
GMF, and PAP-2, resulting in nerve inflammation and a vicious cycle 
of pathology (36). However, our study did not demonstrate a causal 
relationship between ADPN and NDs, which contrasts with some 
observational studies. As mentioned earlier, lifestyle or 
sociodemographic factors may not obscure the genetic predictors of 
exposure. Utilizing genetic tools to examine the association between 
ADPN and NDs, our MR analysis revealed that previous observational 
associations may not reflect a true causal relationship. The potential 
role of ADPN in NDs may be  indirect, mediated by its effect on 
systemic inflammation, particularly through IL1β, rather than directly 
influencing the disease. Although our MR findings do not indicate a 
direct causal relationship between ADPN and NDs, the negative 
association between ADPN and IL1β provides valuable insights into 
the inflammatory mechanisms implicated in neurodegeneration.

This study systematically investigated the potential causal 
relationship between ADPN levels and the risk of NDs (AD and 
PD), using both bidirectional MR analysis and GRS methods. 
Despite its strengths, this MR study has some limitations that 
should be taken into account. First, the MR analysis relies on three 
core assumptions. However, these assumptions may not be fully 
valid in actual studies, especially the third assumption, which could 
be  influenced by horizontal pleiotropy. To address this, 
we conducted rigorous screening of candidate SNPs and carried out 
multiple sensitivity analyses (including MR-Egger regression, the 
weighted median method, and others) and heterogeneity tests to 
minimize potential bias and verify the robustness of the results. The 
results showed that the MR estimates were stable and no significant 
pleiotropy was found, but we could not completely rule out the 
possibility of residual bias. Second, the data for this study were 
mainly based on aggregated GWAS results from the European 
population, so the applicability of the study’s conclusions to other 
ethnic groups remains unclear. Considering that racial differences 
may influence the relationship between genetic structure and 
disease risk, follow-up studies are necessary to verify the results in 
multi-ethnic samples, which would improve the generalizability and 

broad applicability of the results. Third, because the GWAS data 
we  used were publicly available aggregated data, detailed 
demographic and clinical characteristics (such as age of onset and 
disease subtypes) at the individual level were not accessible, 
therefore further detailed subgroup analysis was not possible. This, 
to some extent, limits our exploration of the potential effects of 
ADPN in different subpopulations.

Conclusion

These bidirectional MR studies did not demonstrate a causal 
relationship between genetically determined ADPN levels and 
susceptibility to AD and PD, or vice versa. However, ADPN levels 
were negatively correlated with IL1β. Further investigation is required 
to understand the mechanism and to gather more epidemiological and 
genetic data to test this hypothesis.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding authors.

Ethics statement

Ethical approval was not required for the study involving humans 
in accordance with the local legislation and institutional 
requirements. Written informed consent to participate in this study 
was not required from the participants or the participants’ legal 
guardians/next of kin in accordance with the national legislation and 
the institutional requirements.

Author contributions

JL: Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Writing – original draft, Writing – review 
& editing. LL: Data curation, Writing – original draft, Writing – review 
& editing. QL: Methodology, Writing  – original draft, Writing  – 
review & editing. XH: Data curation, Investigation, Writing – original 
draft, Writing – review & editing. YD: Data curation, Investigation, 
Writing  – original draft, Writing  – review & editing. LP: 
Conceptualization, Data curation, Writing – original draft, Writing – 
review & editing. JY: Funding acquisition, Project administration, 
Resources, Writing – original draft, Writing – review & editing. WL: 
Funding acquisition, Project administration, Resources, Writing – 
original draft, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This study was funded by 
the Guangxi Natural Science Foundation (2023GXNSF 
BA026014), Guangxi Science and Technology Major Project 

https://doi.org/10.3389/fneur.2025.1395798
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Lin et al.� 10.3389/fneur.2025.1395798

Frontiers in Neurology 08 frontiersin.org

(GuikeAA22096018), and Guangxi key research and development 
project (GuikeAB22080094).

Acknowledgments

We would like to thank the following consortiums: the 
ADIPOGen, the IGAP, and the IPDGC for making their GWAS 
summary-level statistics publicly available.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fneur.2025.1395798/
full#supplementary-material

References
	1.	Stephenson J, Nutma E, Van Der Valk P, Amor S. Inflammation in CNS 

neurodegenerative diseases. Immunology. (2018) 154:204–19. doi: 10.1111/imm.12922

	2.	Scheltens P, De Strooper B, Kivipelto M, Holstege H, Chételat G, Teunissen CE, 
et al. Alzheimer's disease. Lancet. (2021) 397:1577–90. doi: 10.1016/S0140- 
6736(20)32205-4

	3.	Tysnes OB, Storstein A. Epidemiology of Parkinson's disease. J Neural Transm 
(Vienna). (2017) 124:901–5. doi: 10.1007/s00702-017-1686-y

	4.	Fang H, Judd RL. Adiponectin regulation and function. Compr Physiol. (2018) 
8:1031–63. doi: 10.1002/j.2040-4603.2018.tb00036.x

	5.	Kadowaki T, Yamauchi T, Kubota N, Hara K, Ueki K, Tobe K. Adiponectin and 
adiponectin receptors in insulin resistance, diabetes, and the metabolic syndrome. J Clin 
Invest. (2006) 116:1784–92. doi: 10.1172/JCI29126

	6.	Breitfeld J, Stumvoll M, Kovacs P. Genetics of adiponectin. Biochimie. (2012) 
94:2157–63. doi: 10.1016/j.biochi.2012.03.004

	7.	Jian M, Kwan JS, Bunting M, Ng RCL, Chan KH. Adiponectin suppresses amyloid-β 
oligomer (AβO)-induced inflammatory response of microglia via AdipoR1-AMPK-NF-
κB signaling pathway. J Neuroinflammation. (2019) 16:110. doi: 10.1186/s12974- 
019-1492-6

	8.	Kinuthia UM, Wolf A, Langmann T. Microglia and inflammatory responses in 
diabetic retinopathy. Front Immunol. (2020) 11:564077. doi: 10.3389/fimmu.2020.564077

	9.	Hickman S, Izzy S, Sen P, Morsett L, el Khoury J. Microglia in neurodegeneration. 
Nat Neurosci. (2018) 21:1359–69. doi: 10.1038/s41593-018-0242-x

	10.	Khemka VK, Bagchi D, Bandyopadhyay K, Bir A, Chattopadhyay M, Biswas A, 
et al. Altered serum levels of adipokines and insulin in probable Alzheimer's disease. J 
Alzheimers Dis. (2014) 41:525–33. doi: 10.3233/JAD-140006

	11.	Van Himbergen TM, Beiser AS, Ai M, Seshadri S, Otokozawa S, Au R, et al. 
Biomarkers for insulin resistance and inflammation and the risk for all-cause dementia 
and Alzheimer disease: results from the Framingham heart study. Arch Neurol. (2012) 
69:594–600. doi: 10.1001/archneurol.2011.670

	12.	Bigalke B, Schreitmüller B, Sopova K, Paul A, Stransky E, Gawaz M, et al. 
Adipocytokines and CD34 progenitor cells in Alzheimer's disease. PLoS One. (2011) 
6:e20286. doi: 10.1371/journal.pone.0020286

	13.	Warren MW, Hynan LS, Weiner MF. Lipids and adipokines as risk factors for 
Alzheimer's disease. J Alzheimers Dis. (2012) 29:151–7. doi: 10.3233/JAD-2012-111385

	14.	Van Andel M, Van Schoor NM, Korten NC, Comijs HC, Heijboer AC, Drent ML. 
The association between high-molecular-weight adiponectin, ghrelin and leptin and 
age-related cognitive decline: results from longitudinal aging study Amsterdam. J 
Gerontol A Biol Sci Med Sci. (2021) 76:131–40. doi: 10.1093/gerona/glaa126

	15.	Skrivankova VW, Richmond RC, Woolf BAR, Yarmolinsky J, Davies NM, Swanson 
SA, et al. Strengthening the reporting of observational studies in epidemiology using 
Mendelian randomization: the STROBE-MR statement. JAMA. (2021) 326:1614–21. doi: 
10.1001/jama.2021.18236

	16.	Burgess S, Small DS, Thompson SG. A review of instrumental variable estimators 
for Mendelian randomization. Stat Methods Med Res. (2017) 26:2333–55. doi: 
10.1177/0962280215597579

	17.	Richmond RC, Davey Smith G. Mendelian randomization: concepts and scope. 
Cold Spring Harb Perspect Med. (2022) 12:a040501. doi: 10.1101/cshperspect.a040501

	18.	Dastani Z, Hivert MF, Timpson N, Perry JR, Yuan X, Scott RA, et al. Novel loci for 
adiponectin levels and their influence on type 2 diabetes and metabolic traits: a multi-
ethnic meta-analysis of 45,891 individuals. PLoS Genet. (2012) 8:e1002607. doi: 
10.1371/journal.pgen.1002607

	19.	Lambert JC, Ibrahim-Verbaas CA, Harold D, Naj AC, Sims R, Bellenguez C, et al. 
Meta-analysis of 74,046 individuals identifies 11 new susceptibility loci for Alzheimer's 
disease. Nat Genet. (2013) 45:1452–8. doi: 10.1038/ng.2802

	20.	Nalls MA, Blauwendraat C, Vallerga CL, Heilbron K, Bandres-Ciga S, Wallace L, 
et al. Identification of novel risk loci, causal insights, and heritable risk for Parkinson's 
disease: a meta-analysis of genome-wide association studies. Lancet Neurol. (2019) 
18:1091–102. doi: 10.1016/S1474-4422(19)30320-5

	21.	Locke AE, Kahali B, Berndt SI, Justice AE, Pers TH, Day FR, et al. Genetic studies 
of body mass index yield new insights for obesity biology. Nature. (2015) 518:197–206. 
doi: 10.1038/nature14177

	22.	Sun BB, Maranville JC, Peters JE, Stacey D, Staley JR, Blackshaw J, et al. Genomic 
atlas of the human plasma proteome. Nature. (2018) 558:73–9. doi: 
10.1038/s41586-018-0175-2

	23.	Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MAR, Bender D, et al. 
PLINK: a tool set for whole-genome association and population-based linkage analyses. 
Am J Hum Genet. (2007) 81:559–75. doi: 10.1086/519795

	24.	Cesari M, Narkiewicz K, De Toni R, Aldighieri E, Williams CJ, Rossi GP. 
Heritability of plasma adiponectin levels and body mass index in twins. J Clin Endocrinol 
Metab. (2007) 92:3082–8. doi: 10.1210/jc.2007-0403

	25.	Hasegawa M, Taniguchi J, Ueda H, Watanabe M. Twin study: genetic and 
epigenetic factors affecting circulating adiponectin levels. J Clin Endocrinol Metab. 
(2022) 108:144–54. doi: 10.1210/clinem/dgac532

	26.	García-García I, Fernández-Andújar M, Narváez M, García-Casares N. Assessing 
adipokines as potential biomarkers of dementia, Alzheimer's disease, and mild cognitive 
impairment: a systematic review and meta-analysis. Obes Rev. (2023) 24:e13573. doi: 
10.1111/obr.13573

	27.	Kitagawa K, Miwa K, Okazaki S, Sakaguchi M, Mochizuki H. Serum high-
molecular-weight adiponectin level and incident dementia in patients with vascular risk 
factors. Eur J Neurol. (2016) 23:641–7. doi: 10.1111/ene.12915

	28.	Kim H, Jun S, Kim BSAlzheimer’s Disease Neuroimaging Initiative. Serum 
adiponectin in Alzheimer's disease (AD): association with AD biomarkers and cognitive 
outcome. J Alzheimers Dis. (2021) 84:1163–72. doi: 10.3233/JAD-210722

	29.	Milanowski J, Kozerawski K, Falęcka W, Dudek D, Lisewska B, Lisewski P, et al. 
Changes in the secretion of melatonin and selected Adipokines during the progression 
of Parkinson's disease-preliminary studies. Meta. (2023) 13:668. doi: 
10.3390/metabo13050668

	30.	Rocha NP, Scalzo PL, Barbosa IG, de Sousa MS, Morato IB, Vieira ÉLM, et al. 
Circulating levels of adipokines in Parkinson's disease. J Neurol Sci. (2014) 339:64–8. 
doi: 10.1016/j.jns.2014.01.021

	31.	Kataoka H, Sugie K. Serum adiponectin levels between patients with Parkinson's 
disease and those with PSP. Neurol Sci. (2020) 41:1125–31. doi: 10.1007/s10072- 
019-04216-4

	32.	Cassani E, Cancello R, Cavanna F, Maestrini S, Di Blasio AM, Liuzzi A, et al. 
Serum adiponectin levels in advanced-stage Parkinson's disease patients. Parkinsons Dis. 
(2011) 2011:624764. doi: 10.4061/2011/624764

https://doi.org/10.3389/fneur.2025.1395798
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2025.1395798/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2025.1395798/full#supplementary-material
https://doi.org/10.1111/imm.12922
https://doi.org/10.1016/S0140-6736(20)32205-4
https://doi.org/10.1016/S0140-6736(20)32205-4
https://doi.org/10.1007/s00702-017-1686-y
https://doi.org/10.1002/j.2040-4603.2018.tb00036.x
https://doi.org/10.1172/JCI29126
https://doi.org/10.1016/j.biochi.2012.03.004
https://doi.org/10.1186/s12974-019-1492-6
https://doi.org/10.1186/s12974-019-1492-6
https://doi.org/10.3389/fimmu.2020.564077
https://doi.org/10.1038/s41593-018-0242-x
https://doi.org/10.3233/JAD-140006
https://doi.org/10.1001/archneurol.2011.670
https://doi.org/10.1371/journal.pone.0020286
https://doi.org/10.3233/JAD-2012-111385
https://doi.org/10.1093/gerona/glaa126
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1177/0962280215597579
https://doi.org/10.1101/cshperspect.a040501
https://doi.org/10.1371/journal.pgen.1002607
https://doi.org/10.1038/ng.2802
https://doi.org/10.1016/S1474-4422(19)30320-5
https://doi.org/10.1038/nature14177
https://doi.org/10.1038/s41586-018-0175-2
https://doi.org/10.1086/519795
https://doi.org/10.1210/jc.2007-0403
https://doi.org/10.1210/clinem/dgac532
https://doi.org/10.1111/obr.13573
https://doi.org/10.1111/ene.12915
https://doi.org/10.3233/JAD-210722
https://doi.org/10.3390/metabo13050668
https://doi.org/10.1016/j.jns.2014.01.021
https://doi.org/10.1007/s10072-019-04216-4
https://doi.org/10.1007/s10072-019-04216-4
https://doi.org/10.4061/2011/624764


Lin et al.� 10.3389/fneur.2025.1395798

Frontiers in Neurology 09 frontiersin.org

	33.	Miao J, Shen LH, Tang YH, Wang YT, Tao MX, Jin KL, et al. Overexpression 
of adiponectin improves neurobehavioral outcomes after focal cerebral ischemia 
in aged mice. CNS Neurosci Ther. (2013) 19:969–77. doi: 10.1111/ 
cns.12198

	34.	Varatharaj A, Galea I. The blood-brain barrier in systemic inflammation. Brain 
Behav Immun. (2017) 60:1–12. doi: 10.1016/j.bbi.2016.03.010

	35.	Pousti F, Ahmadi R, Mirahmadi F, Hosseinmardi N, Rohampour K. Adiponectin 
modulates synaptic in hippocampal dentate gyrus. Neurosci Lett. (2018) 1:227–32. doi: 
10.1016/j.neulet.2017.10.042

	36.	Novoa C, Salazar P, Cisternas P, Gherardelli C, Vera-Salazar R, Zolezzi JM, et al. 
Inflammation context in Alzheimer's disease, a relationship intricate to define. Biol Res. 
(2022) 55:39. doi: 10.1186/s40659-022-00404-3

https://doi.org/10.3389/fneur.2025.1395798
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1111/cns.12198
https://doi.org/10.1111/cns.12198
https://doi.org/10.1016/j.bbi.2016.03.010
https://doi.org/10.1016/j.neulet.2017.10.042
https://doi.org/10.1186/s40659-022-00404-3

	Assessment of causality association between serum adiponectin levels and the risk of Alzheimer’s disease and Parkinson’s disease: a Mendelian randomization study
	Introduction
	Methods
	Data sources
	Instrument variable selection
	Statistical analyses
	Mendelian randomization analysis
	Genetic risk score
	Heterogeneity and pleiotropy tests
	Sample size and power calculations

	Results
	MR estimates of ADPN and AD
	MR estimates of ADPN and PD
	GRS estimates of ADPN and the risk of NDs
	MR estimates of ADPN and ND-related traits

	Discussion
	Conclusion

	References

