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Abstract.
Background: Previous observational research has indicated a correlation between ferritin levels and neuropsychiatric
disorders, although the causal relationship remains uncertain.
Objective: The objective of this study was to investigate the potential causal link between plasma ferritin levels and
neuropsychiatric disorders.
Methods: A two-sample Mendelian randomization (MR) study was conducted, wherein genetic instruments associated with
ferritin were obtained from a previously published genome-wide association study (GWAS). Summary statistics pertaining
to neuropsychiatric disorders were derived from five distinct GWAS datasets. The primary MR analysis employed the inverse
variance weighted (IVW) method and was corroborated by additional methods including MR-Egger, weighted median,
simple mode, and weighted mode. Sensitivity analyses were employed to identify potential pleiotropy and heterogeneity in
the results.
Results: The fixed effects IVW method revealed a statistically significant causal relationship between plasma ferritin level
and the occurrence of Alzheimer’s disease (odds ratio [OR] = 1.06, 95% confidence interval [CI]: 1.00–1.12, p = 0.037), as
well as Parkinson’s disease (OR = 1.06, 95% CI: 1.00–1.13, p = 0.041). Various sensitivity analyses were conducted, which
demonstrated no substantial heterogeneity or pleiotropy. Conversely, no compelling evidence was found to support a causal
association between ferritin and amyotrophic lateral sclerosis, schizophrenia, or major depressive disorder.
Conclusions: This MR study provides evidence at the genetic level for a causal relationship between plasma ferritin and
an increased risk of Alzheimer’s disease and Parkinson’s disease. The exact genetic mechanisms underlying this connection
necessitate further investigation.
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INTRODUCTION

Ferritin, a protein responsible for storing iron, is a
spherical protein with a molecular weight of 480 kDa,
comprising of ferritin heavy chain and ferritin light
chain [1]. Ferritin is a critical component in main-
taining iron homeostasis by storing and releasing iron
[2]. The ferritin-iron complex plays a pivotal role in
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numerous biological processes, encompassing DNA
synthesis, oxidative stress response, cellular iron
homeostasis, and mitochondrial respiration, thereby
constituting a significant etiological factor in neuro-
logical disorders [3].

Ferritin is predominantly accumulated within the
senile plaques of Alzheimer’s disease (AD) and in
neurons harboring neuromelanin within Lewy bodies
of Parkinson’s disease (PD) [4]. Previous research has
demonstrated that individuals afflicted with neurode-
generative disorders exhibit distinct levels of ferritin
in their cerebrospinal fluid compared to healthy indi-
viduals, with elevated ferritin levels observed in
patients diagnosed with AD and amyotrophic lat-
eral sclerosis (ALS) [5, 6]. According to a report,
elevated ferritin levels have been identified as a
novel peripheral blood biomarker in individuals diag-
nosed with schizophrenia [7]. Previous study revealed
that patients with major depressive disorder (MDD)
exhibited lower levels of ferritin light chain compared
to those in the control group [8]. These results suggest
that ferritin plays a significant role in neuropsychi-
atric disorders and holds potential as a biomarker for
such conditions.

Observational studies have indicated a potential
correlation between ferritin levels and the occurrence
of neurodegenerative and psychiatric disorders. How-
ever, the exact causal relationship remains uncertain.
Mendelian randomization (MR), a novel epidemi-
ological approach that adheres to the principles of
random allocation and free combination as dictated
by genetic laws, can be considered as a natural form
of randomized controlled trial [9]. By employing
genetic variations as instrumental variables (IVs) to
examine causality between the exposure and out-
come, MR offers a valuable means of analysis [10].
It avoids the influence of reverse causality or poten-
tial confounding factors in observational studies [11].
The aim of this study was to investigate the causal
relationship between ferritin and neuropsychiatric
disorders using a two-sample MR analysis.

MATERIALS AND METHODS

Study design

In this study, we performed a two-sample MR
analysis to investigate a causal relationship between
plasma ferritin levels and neuropsychiatric disorders
(AD, PD, ALS, schizophrenia, and MDD). The main
design of this MR study is presented in Fig. 1.
For the reliability of MR results, the MR analy-

Fig. 1. The main assumptions and study design of the Mendelian
randomization analysis of plasma ferritin and neuropsychiatric
disorders. AD, Alzheimer’s disease; ALS, amyotrophic lateral
sclerosis; MDD, major depressive disorder; PD, Parkinson’s dis-
ease.

sis needs to meet three main assumptions [9]: the
genetic variants used as IVs are strongly related to
exposure (plasma ferritin level) with genome-wide
significance; the genetic variants are not related to
any confounding factors that affect exposure and
outcomes; and the genetic variants only affect out-
comes through exposure. This study adhered to
the Strengthening the Reporting of Observational
Studies in Epidemiology–Mendelian randomization
(STROBE-MR) guidelines [12] (see Supplementary
Material).

Data source

In this study, we procured genome-wide associ-
ation study (GWAS) summary data pertaining to
plasma ferritin and neuropsychiatric disorders from
previously published studies (Table 1). The genetic
variants associated with plasma ferritin were sourced
from extensive GWAS conducted on individuals
of European ancestry [13], encompassing a sam-
ple size of 3,301 participants from the INTERVAL
study. The summary data of AD were acquired from
GWAS of 63,926 European individuals, conducted by
the International Genomics of Alzheimer’s Project
consortium [14]. Summary statistical data for PD
were extracted from International Parkinson’s Dis-
ease Genomics Consortium [15], including 482,730
European individuals. Genetic variants associated
with ALS were obtained from Project MinE [16],
which comprised 12,577 cases and 23,475 controls of
European ancestry. For the schizophrenia summary
dataset, 33,640 cases and 43,456 control of Euro-
pean ancestry genetic variants were obtained from the
Psychiatric Genomics Consortium (PGC) [17]. The
summary data for MDD used in this MR study were
also obtained from the PGC [18], including 59,851
cases and 113,154 controls of European ancestry.
Since this is a secondary analysis of data obtained
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Table 1
Characteristics of GWAS datasets used for Mendelian randomization analysis

Phenotype GWAS ID Consortium Sample size Population Journal References
(cases/controls)

Plasma ferritin prot-a-1148 – 3,301 European Nature Sun et al., 2018 [13]
AD ieu-b-2 IGAP 21,982/41,944 European Nat Genet Kunkle et al., 2019 [14]
PD ieu-b-7 IPDGC 33,674/449,056 European Lancet Neurol Nalls et al., 2019 [15]
ALS ieu-a-1085 Project MinE 12,577/23,475 European Nat Genet van Rheenen et al., 2016 [16]
Schizophrenia ieu-b-42 PGC 33,640/43,456 European Nat Genet Ripke et al., 2013 [17]
MDD ieu-a-1188 PGC 59,851/113,154 European Nat Genet Wray et al., 2018 [18]

AD, Alzheimer’s disease; ALS, amyotrophic lateral sclerosis; GWAS, genome wide association studies; IGAP, International Genomics of
Alzheimer’s Project; IPDGC, International Parkinson’s Disease Genomics Consortium; MDD, major depressive disorder; PD, Parkinson’s
disease; PGC, Psychiatric Genomics Consortium.

from previously published GWAS data above, no eth-
ical approvals were required.

Single-nucleotide polymorphism selection

First, plasma ferritin level was used as the
exposure, and five SNPs with a genome-wide sig-
nificance threshold (p < 5 × 10–8) were selected as
genetic instruments to investigate the effect on out-
comes. Then, linkage disequilibrium [19] (r2 > 0.01,
kb < 10000) was performed to ensure that the genetic
variants were independent. Furthermore, F statistic
was used to measure the strength of IVs and F statis-
tic > 10 suggests strong instruments [20]. The F
statistic of each SNP in this MR study were calculated
based on formula: F statistic = R2 × (N – 2)/(1 – R2),
R2 = 2 × EAF × (1 – EAF) × �2. We calculated the
F-statistic of these SNPs (ranging from 30.1 to
307.2), indicating they were strong instruments
for this MR analyses. Finally, each SNP was
searched in PhenoScanner database [21] (http://www.
phenoscanner.medschl.cam.ac.uk/) to assess whether
these SNPs were associated with confounding fac-
tors. The power calculation was performed using
the online power calculator (https://sb452.shinyapps.
io/power) [22].

Statistical analyses

The two-sample MR package were conducted
to estimate the causal relationship between expo-
sures and outcomes, and inverse variance weighted
(IVW) was used as the primary MR analysis [23]. In
addition, we used the MR-Egger, weighted median,
simple mode and weighted mode for additional anal-
ysis. Sensitivity analyses were conducted to assess
heterogeneity and pleiotropy using the Cochran Q
heterogeneity test [24], Egger intercept test [25],
MR pleiotropy residual sum and outlier (MR-
PRESSO) global test [26], and leave-one-out test

[27]. The sensitivity analyses ensure the stability of
this study results. In addition, MR-Steiger test was
used to validate the causal direction between expo-
sure and outcomes[28]. The statistical analyses were
conducted using R (version 4.2.1), and causal asso-
ciations were deemed significant if the two-sided
p-values < 0.05. The odds ratios (OR) and 95% con-
fidence intervals (CIs) were utilized to report the MR
estimates.

RESULTS

This study employed a two-sample MR to examine
the causal association between ferritin and neuropsy-
chiatric disorders. Plasma ferritin levels were used as
exposure variable, matched to 4 available SNPs for
AD and MDD outcomes, and 5 SNPs for PD, ALS,
and schizophrenia. These SNPs, serving as genetic
instruments, exhibited a strong and statistically
significant association with the exposure variable
(plasma ferritin) at a genome-wide significance level
(p < 5 × 10–8). The detailed characteristics of these
SNPs can be found in Table 2. The primary estimates
of the causal effects obtained through the MR analysis
are presented in Table 3 and Fig. 2. This study expo-
sure and outcome data were collected separately from
different databases belonging to different consortium
(see Table 1). Secondly, we calculated the deviation
(https://sb452.shinyapps.io/overlap/) and there was
no obvious overlap in the samples.

Effect of plasma ferritin level on risk of AD

The SNP (rs10492823) with intermediate allele
frequency palindrome was removed and 4 SNPs were
included in MR analysis of plasma ferritin levels
and AD. As shown in Fig. 2, the fixed effects IVW
method indicated causal relationship between plasma
ferritin level and AD [odds ratio (OR) = 1.06, 95%
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Table 2
Genetic variants significantly associated with ferritin

SNPs Nearby gene EA OA EAF �-exposure se-exposure p-exposure R2 F-statistic

rs217181 TXNL4B T C 0.196 0.524 0.030 7.4 × 10–69 0.085 307.25
rs10492823 PKD1L3 C G 0.128 0.386 0.036 3.1 × 10–26 0.033 112.34
rs79570224 LINC01572 C T 0.081 0.391 0.045 5.3 × 10–18 0.022 74.68
rs241775 TMEM97 T C 0.478 –0.163 0.024 1.8 × 10–11 0.013 45.01
rs79031610 LINC01572 T C 0.098 –0.237 0.043 4.1 × 10–08 0.009 30.10

EAF, effect allele frequency; EA, effect allele; OA, other allele; SNPs, single-nucleotide polymorphisms; SE, standard error. The threshold
was set at p < 1 × 10–5.

Table 3
Main MR results of the effect of ferritin on neuropsychiatric disorders

AD PD ALS Schizophrenia MDD
SNPs OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p

rs217181 1.04 (1.00–1.08) 0.026 1.05 (1.01–1.09) 0.028 1.00 (1.00–1.01) 0.279 1.00 (0.97–1.03) 0.950 0.99 (0.97–1.01) 0.190
rs10492823 1.00 (0.96–1.04) 0.932 1.02 (0.97–1.07) 0.422 1.01 (1.00–1.02) 0.064 1.01 (0.98–1.04) 0.687 1.01 (0.99–1.04) 0.243
rs79570224 0.99 (0.94–1.05) 0.752 1.04 (0.97–1.11) 0.266 0.99 (0.98–1.01) 0.274 1.02 (0.98–1.06) 0.315 1.01 (0.98–1.04) 0.708
rs241775 0.99 (0.97–1.02) 0.613 1.02 (0.98–1.05) 0.351 0.99 (0.98–1.00) 0.007 1.00 (0.98–1.02) 0.766 1.00 (0.98–1.01) 0.593
rs79031610 0.97 (0.92–1.03) 0.355 1.01 (0.94–1.08) 0.758 1.01 (1.00–1.02) 0.142 1.04 (1.00–1.08) 0.080 1.01 (0.99–1.04) 0.321

AD, Alzheimer’s disease; ALS, amyotrophic lateral sclerosis; CI, confidence interval; MDD, major depressive disorder; OR, odds ratio; PD,
Parkinson’s disease.

confidence interval (CI):1.00–1.12, p = 0.037], and
statistical power value was 71.3%. Random effects
IVW also showed a causal effect of plasma ferritin on
AD (OR = 1.06, 95%:1.02–1.11, p = 0.008). In addi-
tion, the weighted median supported the above results
(OR = 1.07, 95%:1.01–1.14, p = 0.033). This evi-
dence suggested that each standard deviation increase
in plasma ferritin level was associated with an
increased risk of AD. The scatterplots and forest plots
visually showed an increased risk of AD as plasma
ferritin level rise (Fig. 3A, B). In the sensitivity anal-
yses (Table 4), Cochran’s Q test demonstrated no
heterogeneity (Q-value = 1.842, p = 0.606), and MR-
Egger intercept test showed no pleiotropic effects
(intercept = – 0.005, p = 0.838). The MR-PRESSO
test detected no SNP with potentially pleiotropic
outlier (p = 0.599). The Steiger direction test results
showed that the causal direction was valid (Steiger-
p = 1.3 × 10–83) and there was no reverse causal
relationship. The leave-one-out plot showed that the
results were robust and that the causal effect of plasma
ferritin level on AD was not driven by any single
SNP (Fig. 3C). The funnel chart showed the overall
symmetry between SNPs (Fig. 3D).

Effect of plasma ferritin level on risk of PD

The fixed effects IVW results in Fig. 2 demon-
strated that the causal effect of plasma ferritin level
on PD was significant (OR = 1.06, 95%: 1.00–1.13,
p = 0.041), and statistical power value was 98.6%.

This causal effect was also confirmed by ran-
dom effects IVW model (OR = 1.06, 95%:1.01–1.12,
p = 0.028). In addition, this causal association was
consistent using the weighted median method
(OR = 1.08, 95%:1.01–1.16, p = 0.023). Scatter plots
and forest plots show a positive correlation between
plasma ferritin level and PD risk (Fig. 4A, B). In the
sensitivity analyses (Table 4), the MR-Egger analy-
sis and Cochran’s Q test showed that there was no
horizontal pleiotropic (intercept = –0.047, p = 0.168)
or heterogeneity (Q-value = 3.482, p = 0.481) about
plasma ferritin level on PD. The MR-PRESSO global
test revealed no evidence for horizontal pleiotropic
effects of the IVs (p = 0.509). The Steiger test
results showed that the causal direction was valid
(Steiger-p = 1.1 × 10–86). By leave-one-out analysis,
the causal effect of plasma ferritin level on AD were
robust (Fig. 4C). There was no evidence of asymme-
try on the funnel plot (Fig. 4D).

Effect of plasma ferritin level on risk of ALS,
schizophrenia, and MDD

The primary outcome IVW analysis (Fig. 2)
showed no causal association between ferritin
and ALS (OR = 1.01, 95%:0.99–1.03, p = 0.347),
schizophrenia (OR = 1.01, 95%:0.97–1.05, p =
0.777), and MDD (OR = 0.98, 95%:0.95–1.02,
p = 0.316). In the sensitivity analyses (Table 4), there
was no pleiotropy for the relationship between the
SNPs and risk of ALS (intercept = 0.007, p = 0.528),
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Fig. 2. Forest plot of Mendelian randomization analysis between plasma ferritin level and neuropsychiatric disorders. AD, Alzheimer’s
disease; ALS, amyotrophic lateral sclerosis; CI, confidential interval; FE-IVW, fixed effects-inverse variance weighted; MDD, major depres-
sive disorder; MR, Mendelian randomization; OR, odds ratio; PD, Parkinson’s disease; RE-IVW, random effects-inverse variance weighted;
SNPs, single-nucleotide polymorphisms.

schizophrenia (intercept = –0.005, p = 0.802), and
MDD (intercept = 0.008, p = 0.560). The results
indicated heterogeneity for ALS (Q-value = 12.421,
p = 0.014), while there was no heterogeneity in
schizophrenia (Q-value = 4.242, p = 0.374) and
MDD (Q-value = 2.122, p = 0.547). The MR-
PRESSO test detected no SNP with potentially
pleiotropic outlier for ALS (p = 0.081), schizophre-
nia (p = 0.537), and MDD (p = 0.589). The MR
Steiger test validated that the directionality was
valid for ALS (p = 1.5 × 10–77), schizophrenia
(p = 8.9 × 10–88), and MDD (p = 4.0 × 10–89).

DISCUSSION

The present study employed a two-sample MR
approach to evaluate the causal association between
plasma ferritin levels and neuropsychiatric disor-
ders. The findings of this investigation revealed that
genetically predicted elevated plasma ferritin was sig-
nificantly linked to an increased susceptibility to AD
and PD. However, no causal effect of plasma ferritin
on other neuropsychiatric disorders, including ALS,
schizophrenia, and MDD was observed. These results
underscore the utility and convenience of human
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Fig. 3. The causal effect of ferritin on AD. (A) Scatter plot, (B) Forest plot, (C) Leave one out plot and (D) Funnel plot. MR, Mendelian
randomization; SNPs, single-nucleotide polymorphisms.

Table 4
Results of potential pleiotropy and heterogeneity assessments

Outcomes Egger intercept test Cochrane’s Q test MR-PRESSO global test MR-Steiger test

Intercept p Q-value p p p
AD –0.005 0.838 1.842 0.606 0.599 1.3 × 10–83

PD –0.047 0.168 3.482 0.481 0.509 1.1 × 10–86

ALS 0.007 0.528 12.421 0.014 0.081 1.5 × 10–77

Schizophrenia –0.005 0.802 4.242 0.374 0.537 8.9 × 10–88

MDD 0.008 0.560 2.122 0.547 0.589 4.0 × 10–89

AD, Alzheimer’s disease; ALS, amyotrophic lateral sclerosis; MDD, major depressive disorder; MR-PRESSO, MR-pleiotropy residual sum
and outlier; PD, Parkinson’s disease.

plasma proteins as biomarkers in clinical settings and
hold substantial implications for the advancement of
neurodegenerative disease biomarker research.

Plasma or serum ferritin concentrations serve as
indicators of iron stores, whereby low ferritin lev-
els signify iron deficiency and high ferritin levels
signify iron overload [29]. The elevation in ferritin

levels leads to the release of surplus iron ions, thereby
inducing oxidative stress via the generation of oxygen
radicals [30]. These free radicals play a signifi-
cant role in the process of lipid peroxidation within
cell membranes, resulting in heightened fluidity of
the membranes, disturbances in calcium homeosta-
sis, and ultimately culminating in cellular demise.
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Fig. 4. The causal effect of ferritin on PD. (A) Scatter plot, (B) Forest plot, (C) Leave one out plot and (D) Funnel plot. MR, Mendelian
randomization; SNPs, single-nucleotide polymorphisms.

As individuals age, there is a gradual accumulation
of iron within the brain, predominantly in regions
including the putamen, globus pallidus, substantia
nigra, caudate nucleus, and cortex, which are closely
linked to the development of neurodegenerative dis-
orders [31, 32]. This MR analysis further established
a causal relationship between plasma ferritin and the
occurrence of neurodegenerative diseases (AD and
PD) at the genetic level. Investigating the role of
ferritin in regulating iron homeostasis in neurodegen-
erative diseases may yield novel therapeutic targets
and insights for the management of these conditions.

AD is a progressive neurodegenerative disorder
distinguished by the deposition of amyloid-� and
hyperphosphorylation of tau [33]. Prior research
has substantiated the involvement of ferritin in the
pathophysiological mechanisms of AD. Notably, a
substantial presence of ferritin has been observed
surrounding senile plaques in AD patients, which

has been found to facilitate the accumulation of
amyloid-� and augment the quantity and size of
senile plaques [34]. Our study confirms the findings
of previous observational studies at the genetic level.
The influence of ferritin on AD may be attributed
to its involvement in ferritinophagy. Impairment of
ferritinophagy disrupts the equilibrium of iron, sub-
sequently initiating detrimental oxidative stress and
facilitating the progression of pathological changes
[35]. The potential role of ferritinophagy in the
pathogenesis of neurodegenerative diseases, partic-
ularly AD, should be given significant attention
due to its ability to induce ferroptosis through the
promotion of iron accumulation and reactive oxy-
gen species [36]. This novel form of autophagic
and caspase-independent cell death [37], known as
ferritinophagy-mediated ferroptosis, is considered a
key mechanism in the development of AD [38].
Therefore, further investigation into the mechanism
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by which ferritinophagy impacts the physiological
processes of AD is warranted.

PD is a neurodegenerative disorder that is distin-
guished by the degeneration of dopaminergic neurons
in the substantia nigra, accompanied by the formation
of Lewy bodies and the aggregation of �-synuclein
[39]. Notably, a significant accumulation of ferritin
has been observed in the neuromelanin of dopamin-
ergic neurons, suggesting its potential involvement
in the regulation of iron metabolism within these
neurons [40]. Moreover, the ratio of heavy chain fer-
ritin to light chain ferritin in the caudate nucleus and
putamen of PD patients was found to be higher com-
pared to the elderly control group [41]. Proteomic
analysis of the substantia nigra pars compacta tissue
in patients with PD showed elevated levels of fer-
ritin light chain compared with control [42]. Studies
have shown that ferritin structure (heavy and light
chain ferritin concentrations) changes in the substan-
tia nigra of PD patients, making iron more easily
released and free iron increased, resulting in dys-
regulation of iron homeostasis [43]. Iron mediated
oxidative stress and iron metabolism disorder may
be one of the important pathological mechanisms of
dopaminergic neuron degeneration [44]. Excess free
iron enters cells to produce reactive oxygen species
(including peroxide, superoxide, hydroxyl radicals,
etc.), causing oxidative damage and promoting the
aggregation of �-synapses, leading to the degenera-
tion of dopaminergic neurons in substantia nigra [31,
45]. In this study, we identified that the risk of PD
increased with genetically predicted increasing fer-
ritin levels, this suggests that ferritin levels may be a
risk factor for PD.

This study has some limitations. First, there are
only a few SNPs associated with plasma ferritin
at a genome-wide significance level (p < 5 × 10–8),
which cannot reliably detect the pleiotropy and het-
erogeneity with alternative additional MR methods.
This result was not validated in larger GWAS studies
and more available SNPs in the up- to-date GWASs
should be used to confirm this conclusion in the
future. Second, despite the causal relationship, the
risk of developing degenerative diseases (AD and
PD) is time-dependent. The timing of clinical inter-
vention based on the causal outcome of MR studies
needs to be carefully considered. Third, MR is insen-
sitive to the confounding factors of environmental
exposure and lacks multivariate correction. We can-
not fully assess the relationship between individual
genetic variation and potential confounding factors,
so these findings require further in vitro and in vivo

validation. Finally, the MR analysis of this study was
based on data from patients of European ancestry,
and there were differences in incidence and patho-
genesis in different ethnic populations. Therefore, our
findings were carefully applied to other ethnic groups.

Conclusion

This MR study provides evidence at the genetic
level for a causal relationship between plasma ferritin
and an increased risk of AD and PD. The exact genetic
mechanisms underlying this connection necessitate
further investigation.
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