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Ferritin and Iron Levels Inversely Associated With Lymphoma 
Risk: A Mendelian Randomization Study

Boyuan Wu

Abstract

Background: Current knowledge on iron’s role in lymphoma devel-
opment is very limited, with studies yielding inconsistent findings. 
To address this gap, we conducted a rigorous two-sample mendelian 
randomization study, aiming to elucidate the potential associations 
between iron storage and the risk of developing lymphoma.

Methods: This study leveraged extensive genetic data derived from 
a comprehensive genome-wide association study (GWAS) com-
prising 257,953 individuals. The primary objective was to pinpoint 
single-nucleotide polymorphisms (SNPs) that are significantly as-
sociated with iron storage. Subsequently, this genetic information 
was analyzed in conjunction with summary-level data pertaining to 
lymphoma cases and controls, sourced from the IEU open GWAS 
project, which included a sample size of 3,546 lymphoma cases and 
487,257 controls. To evaluate the relationship between iron storage 
and lymphoma risk, an inverse variance-weighted method with ran-
dom effects was employed, complemented by rigorous sensitivity 
analyses.

Results: Genetic predisposition to high ferritin and serum iron 
status was causally associated with lower odds of lymphoma. Fer-
ritin exhibited an odds ratio (OR) of 0.777 (95% confidence inter-
val (CI): 0.628 - 0.961, P = 0.020), indicating 22.3% reduced odds 
of lymphoma associated with a one standard deviation increase in 
ferritin levels. Similarly, serum iron demonstrated an OR of 0.776 
(95% CI: 0.609 - 0.989, P = 0.040), corresponding to 22.4% de-
creased odds of lymphoma for a one standard deviation increase in 
serum iron.

Conclusions: This study suggests that individuals with genes linked 
to higher iron storage levels have a lower risk of developing lym-
phoma, but further research is necessary before making any clinical 
recommendations.
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Introduction

Lymphoma is a broad term for hematologic malignancies that 
originate from clonal proliferation of lymphocytes. Although 
they are generally classified into Hodgkin lymphoma (HL) and 
non-Hodgkin lymphoma (NHL), the term lymphoma includes 
over 50 distinct subtypes, ranging from slow-growing low-
grade to aggressive high-grade neoplasms [1]. The incidence of 
lymphoma is approximately 6.5 cases per 100,000 individuals, 
and it can occur at any age, but mostly in young and middle age 
groups. Additionally, there are more male patients than female 
patients, with an incidence ratio of approximately 3:1 [2].

Classic lymphoma symptoms, referred to as B symptoms, 
include fever, night sweats, and unexplained weight loss. NHL 
typically originates in lymphoid tissues but can spread to other 
organs, such as the stomach, intestines, lungs, breasts, brain, 
and kidneys [3]. Consequently, the clinical presentation var-
ies widely depending on the organs involved and the disease’s 
extent [4].

The etiology and pathogenesis of lymphoma remain un-
clear to date. It is widely accepted that it is related to genetic 
alterations, psychological stress, blood transfusion, viral in-
fection, immune suppression caused by the treatment of other 
diseases such as organ transplantation, and industrial environ-
mental pollution [2]. Lymphoma is one of the most common 
neoplastic causes of death in human immunodeficiency virus 
(HIV)-infected individuals [2].

Micronutrients are essential for maintaining immune sys-
tem balance and are implicated in various diseases, including 
lymphoma. Iron, a crucial component of hemoglobin and myo-
globin, is vital for oxygen transport, muscle storage, and cellu-
lar energy production. It also plays a pivotal role within mito-
chondria, facilitating electron transfer in the energy-generating 
electron transport chain. As a fundamental trace element in-
volved in numerous biological processes, iron is indispensable 
for overall human health [5].

Maintaining a delicate balance of iron is crucial, as both 
iron deficiency and overload are linked to numerous diseas-
es and adversely impact immune function and inflammation 
[5]. Tightly regulated iron homeostasis is essential for opti-
mal health [6]. To the best of our knowledge, there is no direct 
evidence from prospective and observational studies as to the 
causal link between iron storage and lymphoma risk. However, 
some studies [5, 6] revealed that both iron deficiency and iron 
overload can impair immune function. Recent research has il-
luminated the role of iron in modulating immune cell function 
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and its association with various human diseases [7]. For exam-
ple, iron deficiency hampers B-cell proliferation and antibody 
responses, highlighting its potential influence on immunity [8]. 
Conversely, intracellular iron accumulation in neuroinflamma-
tory diseases appears to drive the differentiation of pathogenic 
T helper cells by stimulating the production of the proinflam-
matory cytokine granulocyte-macrophage colony-stimulating 
factor (GM-CSF) [9].

Iron restriction inhibits the proliferation of lymphocytic 
cell lines in vitro and upregulates transferrin receptor 1 (TfR1) 
expression, indicating increased cellular iron demand. Cor-
respondingly, blocking TfR1 function suppresses lympho-
cyte proliferation. Lymphocytes from iron-deficient elderly 
individuals exhibit reduced proliferative capacity compared 
to iron-replete controls [10]. The critical role of iron in adap-
tive immunity is underscored by a rare inherited combined 
immunodeficiency. Jabara et al described patients with a hy-
pomorphic TfR1 mutation that impaired iron uptake, leading 
to severely compromised T- and B-cell function, including 
proliferation and antibody class switching. These individuals 
suffered from recurrent, often fatal, infections. Remarkably, 
providing non-transferrin-bound iron restored lymphocyte 
proliferation ex vivo, confirming the indispensable role of iron 
in adaptive immunity [11].

Given the strong association between lymphoma suscep-
tibility and immunodeficiency [1, 2, 4], we hypothesize that 
abnormal iron status may be a causal risk factor for the disease. 
However, current understanding of iron storage in lymphoma 
development remains very limited.

Mendelian randomization (MR) is a powerful method 
for estimating the causal impact of an exposure on disease 
development. It utilizes genetic variants as instrumental vari-
ables (IVs) to isolate the causal effect, effectively mitigating 
confounding biases inherent in observational studies. To en-
sure valid results, MR relies on several key assumptions: 1) 
a strong association between the IV and the exposure; 2) no 
independent association between the IV and confounders of 
the exposure-outcome relationship; and 3) the IV’s influence 

on the outcome is exclusively mediated through the exposure. 
Additionally, the monotonicity assumption is often invoked to 
strengthen causal inference.

The potential bidirectional relationship between iron stor-
age and lymphoma necessitates a rigorous approach to disen-
tangle their association. MR is well suited to this challenge. 
This study will employ MR to investigate the causal influence 
of iron storage on lymphoma risk.

Materials and Methods

MR study design

We conducted a two-sample MR analysis to explore the po-
tential causal relationship between iron storage, as indicated 
by ferritin and serum iron levels, and lymphoma risks. Our 
study was predicated on three core assumptions: 1) the genetic 
IVs are robustly associated with iron storage; 2) these genetic 
variants are independent of potential confounders; and 3) the 
effect of the genetic variants on lymphoma risk is exclusively 
mediated through iron storage (Fig. 1).

Data source and software

The work presented was conducted using publicly available 
summary-level data from published genome-wide association 
studies (GWAS). The iron storage data were sourced from 
the largest available GWAS on iron traits [12, 13], which is 
a meta-analysis of studies conducted in six European popula-
tions (DeCODE, INTERNAL, SardiNIA, DBDS, HUNT, and 
MGI). We analyzed two sets of biomarkers related to iron stor-
age: serum iron (n = 236,612) and ferritin (n = 257,953). The 
GWAS datasets are publicly available for download through 
the NTNU open research data.

Lymphoma outcome data were retrieved from the IEU 

Figure 1. The causal directed acyclic graph of the two-sample mendelian randomization study. Our study was predicated on 
three core assumptions: 1) the genetic instrumental variables are robustly associated with iron storage; 2) these genetic variants 
are independent of potential confounders; and 3) the effect of the genetic variants on lymphoma risk is exclusively mediated 
through iron storage. SNP: single nucleotide polymorphism.
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open GWAS project, specifically from GWAS ID “ebi-a-
GCST90018878”. This dataset includes 3,546 lymphoma cas-
es and 487,257 controls from the European population, mostly 
from the UK. Mean age of participants at recruitment was 
56.8 years old, and 53.8% were female. The number of single-
nucleotide polymorphisms (SNPs) is 24,193,511.

All analyses were conducted using R version 4.3.2 (R 
Foundation for Statistical Computing, Vienna, Austria). The 
MR analysis code is accessible upon reasonable request from 
the corresponding author. As this study exclusively utilized 
publicly available summary-level data and involved no pa-
tient interaction, the Institutional Review Board approval was 
deemed unnecessary. Ethical compliance in this MR study is 
ensured through the exclusive use of publicly available sum-
mary-level data and the absence of patient interaction.

IV selection

To ensure the robustness of our MR analysis, we implemented 
a stringent quality control protocol for IV selection. This pro-
tocol involved several steps: 1) Strong associations with iron 
traits: SNPs significantly associated with ferritin and serum 
iron levels at a genome-wide level (P < 5 × 10-8) were extract-
ed from the iron GWAS meta-analysis. 2) Minimizing linkage 
disequilibrium (LD). We excluded SNPs in high LD (defined 
by r2 < 0.001 and clump distance > 10,000 kb) to ensure the se-
lected IVs have independent effects. 3) Mitigating pleiotropic 
effects. SNPs directly associated with lymphoma risk (P < 5 × 
10-6) were excluded to minimize potential confounding influ-
ences beyond iron storage. 4) Controlling for established con-
founders. Known confounders, such as smoking, high-fat diet 
and obesity, Epstein-Barr (EB) virus infection, HIV infection, 
systemic lupus erythematosus, rheumatoid arthritis, Sjogren’s 
syndrome and Hashimoto’s thyroiditis, were retrieved from 
the PhenoScanner database and removed from the analysis. 5) 
Palindromic SNP exclusion: SNPs with ambiguous allele fre-
quencies due to their palindromic nature were also excluded. 
6) This multi-step approach ensured the selected IVs have ro-
bust associations with iron storage, minimal LD, limited pleio-
tropic effects, and are not confounded by established factors 
like smoking and obesity. In addition, the F-statistic for each 
instrument variable was calculated, so as to assess the bias of 
all the IVs. If the F-statistic is bigger than 10, the possibility of 
weak instrument variable bias is very small.

Statistical analysis

A two-sample MR analysis was conducted using the “TwoSa-
mpleMR” package to assess the causal relationship between 
iron storage and lymphoma development. The primary analy-
sis employed the inverse variance-weighted (IVW) method, 
which is optimal under standard IV assumptions. To enhance 
robustness, several complementary methods were applied: 
MR-Egger to detect and account for potential pleiotropic ef-
fects, weighted median for estimation when at least half of the 
IVs are valid, and simple/weighted mode for alternative esti-

mates. Given the lower power of these complementary meth-
ods compared to IVW, primary interpretation focused on the 
IVW results.

To assess potential heterogeneity, which can bias MR re-
sults, we employed the MR-heterogeneity assay and visually 
inspected funnel plots. Outlier identification and removal were 
conducted using MR-PRESSO and leave-one-out analyses. 
Additionally, the MR-Egger intercept test (P < 0.05) was used 
to detect pleiotropic effects, where genetic variants influence 
both the exposure and other traits unrelated to the outcome. 
A flowchart detailing the study methodology is presented in 
Figure 2.

Results

IV selection

Following rigorous quality control, we identified 51 SNPs sig-
nificantly associated with ferritin and 26 SNPs significantly 
associated with serum iron. To ensure independence, SNPs 
in LD were excluded. Importantly, none of the selected SNPs 
showed direct association with lymphoma risk or known con-
founders. An outlier, rs28929474, was identified and removed 
from the serum iron SNP set. Furthermore, the F-statistics for 
all selected SNPs exceeded 10, alleviating concerns about the 
bias of the IVs.

MR analysis

MR scatter plots and random-effects IVW analysis provided 
robust evidence for an inverse association between both fer-
ritin and serum iron levels and lymphoma risk. Ferritin exhib-
ited an odds ratio (OR) of 0.777 (95% confidence interval (CI): 
0.628 - 0.961, P = 0.020), indicating 22.3% reduced odds of 
lymphoma associated with a one standard deviation increase 
in ferritin levels. Similarly, serum iron demonstrated an OR 
of 0.776 (95% CI: 0.609 - 0.989, P = 0.040), corresponding 
to 22.4% decreased odds of lymphoma for a one standard de-
viation increase in serum iron. Complementary analyses (MR-
Egger, weighted median, simple mode, and weighted mode) 
yielded consistent results, further supporting the observed in-
verse relationship (Fig. 3).

The consequent analyses found no significant evidence of 
heterogeneity in the causal estimates for ferritin (P = 0.732) or 
serum iron (P = 0.092). Symmetrical funnel plots for both fer-
ritin and serum iron indicated minimal publication bias (Fig. 4).

Additionally, leave-one-out analysis confirmed that no 
single SNP substantially influenced the overall association be-
tween iron storage and lymphoma (Fig. 5). Finally, MR-Egger 
intercept analysis detected no evidence of pleiotropic effects 
for ferritin (P = 0.987) or serum iron (P = 0.900).

Discussion

Ferritin, a ubiquitous protein, serves as a cellular iron storage 
depot, safely sequestering and releasing iron as needed. In 
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contrast, serum iron represents the circulating fraction readily 
available for critical functions such as red blood cell produc-
tion. Collectively, ferritin and serum iron constitute the major-
ity of the body’s iron reserves [14].

Several studies report elevated ferritin levels in lymphoma 
patients compared to healthy controls. The high level of ferri-
tin is often associated with disease severity and poorer progno-
sis [15-17]. This elevation likely stems from increased ferritin 

Figure 3. Scatter plots illustrate the causal relationship between genetically predicted iron storage and lymphoma risk using 
four MR methods. Each data point corresponds to an instrumental variable (IV), with its horizontal position indicating the SNP 
effect on iron storage - either (a) ferritin or (b) serum iron. The vertical position reflects the SNP effect on lymphoma risk. Lines 
connecting the SNP effects for each MR method (inverse variance-weighted (light blue), MR-Egger (dark blue), simple mode 
(light green), weighted median (dark green), and weighted mode (pink)) visualize the causal estimate. A negative slope of the 
line suggests an inverse association between iron status and lymphoma risk. Ferritin exhibited an odds ratio of 0.777 (95% CI: 
0.628 - 0.961, P = 0.020), and serum iron demonstrated an odds ratio of 0.776 (95% CI: 0.609 - 0.989, P = 0.040). MR: mendelian 
randomization; SNP: single-nucleotide polymorphism; CI: confidence interval.

Figure 2. MR study flowchart. The boxes represent research steps, and the arrows indicate the flow direction. GWAS: genome-
wide association study; MR: mendelian randomization; SNP: single nucleotide polymorphism.
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synthesis in response to inflammation and immune activa-
tion, coupled with cell necrosis and subsequent ferritin release 
into serum [15-17]. Consequently, elevated ferritin primarily 
serves as a biomarker of active malignancy rather than a causa-
tive factor [16, 17]. This phenomenon is analogous to elevated 
alanine aminotransferase levels in viral hepatitis. Meanwhile, 
iron deficiency and anemia are prevalent among lymphoma pa-
tients [18]. These conditions can manifest as anemia of chronic 
disease or iron-deficiency anemia, characterized by microcytic 
and hypochromic erythrocytes [18-20]. Notably, elevated se-
rum ferritin can coexist with iron-deficiency anemia in some 
cases [18]. Consequently, when investigating iron storage as a 
causal risk for lymphoma, the observation of elevated ferritin 
and anemia represents reverse causation, complicating the re-
search efforts.

Iron homeostasis is crucial for maintaining optimal im-
mune function. Both iron deficiency and overload can impair 
immunity [5, 6, 21]. Given the established link between lym-
phoma susceptibility and immunodeficiency [2, 4], it is plau-
sible that abnormal iron storage contributes to lymphoma risk. 
While indirect evidence suggests a potential association be-
tween red meat intake and lymphoma risk [22-24], to date, no 
prospective clinical trial or case-cohort study has definitively 
explored the causal relationship between iron storage levels 
and lymphoma development. MR analysis offers a compel-
ling alternative to address the challenges of reverse causation 
and confounding inherent in observational studies. By lever-
aging genetic variants as IVs, MR can provide a more robust 
assessment of the causal link between iron homeostasis and 
lymphoma risk. To our knowledge, this is the first MR study 

Figure 5. The leave-one-out graph indicated that removal of any SNPs had no fundamental effect on the results, suggesting that 
the MR results were reliable for (a) ferritin, and (b) serum iron. MR-Egger intercept analysis detected no evidence of pleiotropic 
effects for ferritin (P = 0.987) or serum iron (P = 0.900). SNP: single-nucleotide polymorphism; MR: mendelian randomization.

Figure 4. The MR-heterogeneity assay found no significant heterogeneity for ferritin (P = 0.732) or serum iron (P = 0.092). The 
funnel plots of the causality of iron storage and lymphoma were symmetrically distributed for (a) ferritin, and (b) serum iron. MR: 
mendelian randomization.
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investigating this association. Given the random assignment 
of genetic variants at conception, MR effectively mitigates the 
influence of confounding factors, allowing for more definitive 
causal inferences when adequately powered and employing 
carefully selected SNPs.

Our findings suggest that iron deficiency increases sus-
ceptibility to lymphoma. We hypothesize that this association 
may be mediated by iron deficiency’s detrimental impact on 
immune function. Decades of research have established iron as 
a critical element for normal immune system development [10, 
25]. Iron deficiency compromises immune response capacity, 
particularly affecting immune cell proliferation [7, 8, 19, 26]. 
The global burden of iron deficiency, especially in develop-
ing countries, is substantial, with children disproportionately 
affected [25]. Beyond anemia, iron deficiency is associated 
with increased infection risk due to impaired immune func-
tion, as well as cognitive, physical, and developmental deficits 
[25, 27]. Experimental evidence indicates that iron regulates 
T-lymphocyte function, and deficiency impairs cell-mediated 
immunity, potentially delaying its normal development [26].

The main limitations of this study include causal infer-
ence, generalizability, complexity of iron metabolism, some 
unmeasured confounders, SNP selection, etc. Therefore, in 
order to strengthen our findings and establish a clearer causal 
link, we propose conducting prospective cohort studies focus-
ing on familial clustering lymphoma. By monitoring ferritin 
and iron levels, tracking long-term iron supplementation, and 
assessing lymphoma incidence, these studies can provide more 
compelling evidence regarding iron’s potential role in lympho-
ma prevention.

Conclusions

This MR study suggests that individuals with genes linked to 
higher iron levels have a lower risk of developing lymphoma, 
but further research is necessary before making any clinical 
recommendations.
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