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Abstract 

Background: The association of socioeconomic status and individual behavior (SES/IB) with human 
health is receiving increasing attention. However, the causal effects between SES/IB and lymphomas 
remain unclear. 
Methods: A two-sample Mendelian randomization (MR) study was used to assess the causal effects of 25 
SES/IB traits (dietary habits, physical activity, smoking/drinking behaviors, sleeping behaviors, leisure 
sedentary behaviors, risky behaviors, and reproductive behaviors) on six distinct types of lymphomas, 
including Hodgkin lymphoma (HL), follicular lymphoma (FL), diffuse large B-cell lymphoma (DLBCL), 
mature T/NK-cell lymphomas, marginal zone B-cell lymphoma (MZL), and mantle cell lymphoma (MCL). 
The inverse variance weighted (IVW) method was the primary approach used for the MR analysis. A 
series of sensitivity analyses were also conducted to ensure the robustness of the findings. 
Results: Two-sample MR revealed six SES/IB traits causally associated with lymphomas, including relative 
fat intake, drive time, television watching time, computer use time, vigorous physical activity, and number 
of children ever born. After false discovery rate (FDR) correction, the causal associations between longer 
television watching time and DLBCL (OR: 4.048, 95% CI: 1.688 to 9.708, Pfdr=0.009), and the number of 
children ever born with both FL (OR: 0.008, 95% CI: 1.412E-04 to 0.484, Pfdr=0.021) and DLBCL (OR: 
0.001, 95% CI:1.587E-05 to 0.081, Pfdr=0.002) were identified.  
Conclusions: These findings suggest that certain lifestyle and behavioral factors have a measurable 
impact on specific lymphoma types. 
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Introduction 
Lymphomas are highly heterogeneous hemato-

logical malignancies characterized by different 
etiology, symptoms, therapeutic approaches, and 
prognoses [1]. Generally, lymphomas can be classified 
as Hodgkin’s lymphoma (HL) and non-Hodgkin 
lymphoma (NHL), with HL making up about 10% of 
all lymphoma cases [2]. The worldwide rise in 
lymphoma prevalence highlights the urgent need for 
earlier detection through improved diagnostics, 

identification of risk factors, and more effective 
treatments [3]. Studies have demonstrated that 
genetic mutations, abnormal nutritional status (e.g., 
obesity), and virus infection (e.g., Epstein-Barr virus) 
are recognized risk factors for lymphomas [4-6]. 

The associations of socioeconomic status (SES, 
e.g., income, occupation, and education) and 
individual behaviors (IB, e.g., dietary habits, smoking, 
and sexual behavior) with human health have been 
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identified in several diseases [7-9]. Cai et al. [10] used 
Mendelian randomization (MR) to reveal causal 
associations between SES/IB and the onset of mental 
disorders. Moreover, a cross-sectional study 
suggested the association between SES/IB and the 
prevalence of metabolic syndrome and cardio- 
metabolic risk factors [11], highlighting the impact of 
SES/IB on health. Previous studies have suggested 
that SES/IB factors might influence the risk of 
lymphomas [12, 13]. A meta-analysis has indicated a 
clear association between cigarette smoking and an 
elevated risk of lymphoma, particularly HL [14]. 
Furthermore, a population-based case-control study 
[15] found a significant correlation between HL and 
employment in the manufacturing of rubber and 
plastic products. Additionally, it was observed that 
individuals working in metal processing faced a 
notably higher risk of developing diffuse large B-cell 
lymphoma (DLBCL). However, these observational 
studies are often confounded by numerous factors, 
making it challenging to infer causality. The causality 
underlying SES/IB and the risk of lymphomas 
remains unclear. 

MR leverages genetic variations as instrumental 
variables to infer causal relationships between 
potentially modifiable factors and health outcomes 
[16]. This study aimed to identify a total of 25 
SES/IB-related traits associated with the risk of six 
distinct types of lymphomas based on MR analysis. 

Materials and Methods 

Study design 

We employed a two-sample Mendelian 
randomization (MR) analysis to explore the causal 
effect between SES/IB (25 traits) and six unique 
lymphomas. MR leverages genetic variants as 
instrumental variables (IVs) to infer causality, 
capitalizing on inherent genetic predispositions. This 
approach rests on three fundamental assumptions 
[17]: (1) the genetic variants are robustly associated 
with the exposure; (2) the variants are not linked with 
any confounders that could influence both the 
exposure and the outcome; and (3) the impact of the 
genetic variants on the outcome is mediated 
exclusively through the exposure. This genetic 
association study was conducted according to the 
Strengthening the Reporting of Observational Studies 
in Epidemiology using Mendelian Randomization 
(STROBE-MR) [18].  

All studies incorporated into our analysis 
received approval from the respective institutional 
review boards, with participants providing informed 
consent. 

Genome-wide association study (GWAS) data 
for SES/IB-related factors 

A total of 25 SES/IB phenotypes were included 
in this study (socioeconomic status, dietary 
composition, habitual physical activity, smoking, 
drinking, sleeping behaviors, leisure sedentary 
activities, risky behaviors, and reproductive habits). 
Genetic instruments for these phenotypes were 
obtained from publicly available summary-level data 
of 9 published GWAS [19-27]. Detailed definitions 
and descriptions for each of the phenotypes were 
summarized in Supplementary Table 1. 

Data sources for lymphomas 
This study encompassed six types of 

lymphomas. Data for Hodgkin lymphoma (HL; 846 
cases and 324,650 controls), follicular lymphoma (FL; 
1,181 cases and 324,650 controls), diffuse large B-cell 
lymphoma (DLBCL; 1,050 cases and 314,193 controls), 
mature T/NK-cell lymphomas (363 cases and 324,650 
controls), marginal zone B-cell lymphoma (MZL; 202 
cases and 314,193 controls), and mantle cell 
lymphoma (MCL; 210 cases and 314,193 controls) 
were publicly obtained from Release 10 of the 
FinnGen consortium [28, 29]. There was little sample 
overlap between the exposures and outcomes 
populations. All participants are of European 
ancestry.  

Selection of IVs for MR analyses 
The initial step involved selecting SNPs that 

reached genome-wide significance (P< 5×10-8). 
Subsequently, SNPs were further refined based on 
linkage disequilibrium (LD) thresholds, retaining 
those with an LD r² < 0.001 to ensure independence, 
where LD r² values were calculated using the 1000 
Genomes Project reference panel. Additionally, to 
assess the strength of the IVs, we calculated the 
F-statistic for each IV, and if the F-statistic >10, it 
means that the possibility of weak IV bias is very 
small [30]. For the relevance assumption, R2 was 
calculated to represent the proportion of variance in 
the exposure variable explained by the genetic 
variants. 

Statistical analysis 
In this study, we employed a two-sample MR 

approach to reveal causal estimates of the effect of 
SES/IB on six unique lymphomas, including inverse 
variance weighting (IVW), MR-Egger, weighted 
median-based, weighted mode, and simple mode 
methods. The IVW can provide the most accurate 
estimates but is sensitive to horizontal pleiotropy and 
outliers, so IVW was used as the main method for this 
analysis with at least 2 genetic instruments. 
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Conversely, the Wald ratio test was conducted for 
phenotypes with 1 genetic instrument [31]. A P value 
<0.05 represented a statistically significant.  

Sensitivity analyses were also conducted to 
ensure the robustness of the findings. The pleiotropy 
was assessed by using the MR‐Egger and weighted 
median methods. We also tested heterogeneity for 
IVW and MR‐Egger methods via Cochran's Q 
statistics and funnel plots [32]. Leave-one-out analysis 
was used to identify SNPs with potential impacts and 
evaluate the reliability of the results. The adjusted 
P-values were also calculated using the false 
discovery rate (FDR) correction with the Benjamin–
Hochberg method [33]. The statistical significance of 
the causal feature was defined with FDR < 0.05. 

For binary outcomes, an odds ratio (OR) and 
95% confidence interval (CI) were applied to estimate 
the degree of a causal relationship. All analyses were 
performed in R software (version 4.2.2). 

Results 
The selected SNPs of exposures 

After selecting genome-wide significant SNPs 
(P<5×10–8) and clumping at an LD threshold of r2 < 

0.001, a total of 862 SNPs were identified as IVs for 
SES/IB-related factors. The F-statistics for these 
SES/IB-related SNPs were all greater than 10 
(Supplementary Table 2, Datasets: 1-25). 

Causal effects of SES/IB-related phenotypes on 
lymphomas 

A higher intake of fats and longer drive times 
were associated with increased risks of FL (OR: 9.642 
to 31.799, P<0.05, Table 1 and Figure 1A, B) based on 
IVW results. Furthermore, extended periods of 
television watching were found to elevate the risk for 
both HL and DLBCL (OR: 2.187 to 4.048, P<0.05, 
Figure 1C, D).  

Conversely, the time spent using a computer was 
inversely associated with the risk of DLBCL 
(OR=0.244, Figure 1E). Likewise, engaging in 
vigorous physical activities was linked to a 
significantly reduced risk of mature T/NK-cell 
lymphomas (OR=0.001, Figure 1F). The results 
indicated that having a higher number of children 
was associated with a decreased risk for both FL and 
DLBCL (OR: 0.001 to 0.008, P<0.05, Table 1). 

 

Table 1. Two-sample Mendelian randomization analyses for the associations of SES/IB-related factors with the risk of lymphomas 

Exposure-outcome Methods Number of SNPs OR 95% CI P value 
Relative fat intake-FL MR Egger 4 7.152  0.028 to 1812.71 0.558   

Weighted median 4 9.075  0.946 to 87.086 0.056   
Inverse variance weighted 4 9.642  1.294 to 71.835 0.027   
Simple mode 4 17.946  1.044 to 308.572 0.141   
Weighted mode 4 6.124  0.434 to 86.512 0.272  

Drive time-FL MR Egger 4 0.066  1.234E-11 to 3.568E+08 0.835   
Weighted median 4 25.424  0.713 to 907.039 0.076   
Inverse variance weighted 4 31.799  1.848 to 547.031 0.017   
Simple mode 4 141.942  1.328 to 15173.838 0.129   
Weighted mode 4 9.563  0.089 to 1026.669 0.414  

Number of children ever born-FL Wald ratio 1 0.008  1.412E-04 to 0.484 0.021  
Television watching time-HL MR Egger 72 1.237  0.034 to 45.277 0.908   

Weighted median 72 2.213  0.705 to 6.945 0.173   
Inverse variance weighted 72 2.187  1.023 to 4.674 0.043   
Simple mode 72 2.587  0.178 to 37.508 0.488   
Weighted mode 72 2.890  0.221 to 37.705 0.421  

Television watching time-DLBCL MR Egger 72 1.526  0.023 to 99.105 0.843   
Weighted median 72 1.644  0.586 to 4.61 0.345   
Inverse variance weighted 72 4.048  1.688 to 9.708 0.002   
Simple mode 72 0.794  0.052 to 12.103 0.868   
Weighted mode 72 0.838  0.068 to 10.271 0.891  

Computer use time-DLBCL MR Egger 20 0.000  0 to 2.627 0.093   
Weighted median 20 0.220  0.034 to 1.446 0.115   
Inverse variance weighted 20 0.244  0.065 to 0.915 0.036   
Simple mode 20 0.227  0.01 to 5.219 0.366   
Weighted mode 20 0.241  0.008 to 6.988 0.418  

Number of children ever born-DLBCL Wald ratio 1 0.001  1.587E-05 to 0.081 0.002  
Vigorous physical activity-Mature T/NK-cell lymphomas MR Egger 7 7.607E+12 1.977E-09 to 2.898E+34 0.295   

Weighted median 7 0.001  3.881E-07 to 1.909 0.073   
Inverse variance weighted 7 0.001  1.766E-06 to 0.683 0.038   
Simple mode 7 2.400E-04 9.006E-10 to 63.954 0.239   
Weighted mode 7 4.197E-04 1.103E-09 to 155.929 0.280  

Note: SES/IB: socioeconomic status and individual behaviors; FL: follicular lymphoma; HL: Hodgkin lymphoma; DLBCL: diffuse large B-cell lymphoma; OR: odds ratio; CI: 
confidence interval. 
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Figure 1. Causal associations of SES/IB-related factors with the risk of lymphomas. SNP: single nucleotide polymorphism. (A): Associations of Relative fat intake and follicular 
lymphoma (FL); (B): Associations of Drive time and FL; (C): Associations of Television watching time and Hodgkin lymphoma; (D): Associations of Television watching time and 
diffuse large B-cell lymphoma (DLBCL); (E): Associations of Computer use time and DLBCL; (F): Associations of Vigorous physical activity and mature T/NK-cell lymphomas. 

 
Further examination applying FDR corrections 

confirmed that only the associations between 
television watching time and DLBCL (Pfdr=0.009), and 
the number of children ever born with both FL 
(Pfdr=0.021) and DLBCL (Pfdr=0.002) remained 
significant.  

Sensitivity analyses 
Sensitivity analysis results indicated that except 

for heterogeneity and pleiotropy between television 
watching time and DLBCL, there was no hetero-
geneity or pleiotropy between other SES/IB-related 
phenotypes and lymphomas (Supplementary Table 
3). A positive association between longer television 
watching time and DLBCL was identified using 
MR-PRESSO after removing outliers (OR = 3.456, 95 % 
CI: 1.506-7.930, P = 0.005). Leave-one-out analysis 
confirmed the robustness of the MR results 
(Supplementary Figure 1). 

Discussion 
In this study, we employed a two-sample MR 

analysis to identify SES/IB traits that have causal 
associations with lymphomas. Our findings indicated 
that long periods of television watching were linked 
to higher risks of both HL and DLBCL. Conversely, 
having more children was associated with a reduced 
risk of both FL and DLBCL. Additionally, engaging in 
vigorous physical activity appears to protect against 
mature T/NK-cell lymphomas. These results 

highlight the significant impact of SES/IB traits on 
lymphomas, suggesting potential approaches for 
prevention and intervention.  

MR analysis suggested that extended periods of 
driving were genetically associated with an increased 
risk of FL, and long television watching time was 
associated with DLBCL risk. These associations may 
indicate a link between sedentary behavior (implicit 
in prolonged driving) and the risk of developing 
lymphomas. In line with our findings, a meta-analysis 
provides complementary evidence from a behavioral 
perspective. Specifically, it was found that individuals 
with a greater body mass index (BMI) during young 
adulthood faced an increased risk of FL (OR = 1.15) 
[34]. This finding underscores the potential impact of 
lifestyle factors, such as sedentary behaviors, on FL 
risk. Given that extended driving periods can 
contribute to a sedentary lifestyle and potentially 
higher BMI, this suggests a multifaceted relationship 
between lifestyle behaviors and FL risk.  

Ahmadi et al. [35] observed that engaging in 
vigorous activity for approximately 15-20 minutes 
weekly correlated with lower mortality, cardio-
vascular disease, and cancer incidence. Our MR 
analysis revealed that vigorous physical activity 
lowers the risk of mature T/NK-cell lymphomas, 
likely due to its anti-inflammatory effects. First, 
vigorous physical activities contribute to lowering 
visceral fat, which is a significant contributor to 
systemic inflammation [36]. Second, vigorous 
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activities enhance insulin signaling and glucose 
transport, resulting in improved insulin sensitivity. 
This is crucial because high insulin levels are 
associated with chronic inflammation [37]. Moreover, 
vigorous exercise increases the production of 
anti-inflammatory agents, leading to a broad 
reduction in inflammation [38].  

The current study revealed that having more 
children was associated with a reduced risk of both FL 
and DLBCL. This observation was consistent with 
findings from earlier studies, which demonstrated a 
decrease in NHL risk associated with a greater 
number of pregnancies among women who have 
given birth [39-42]. This association may be attributed 
to a combination of hormonal, immunological, and 
lifestyle factors induced by pregnancy and 
parenthood. Increased exposure to reproductive 
hormones through multiple pregnancies and the use 
of external hormones may decrease the risk of NHL 
by influencing various aspects of the immune system 
[43, 44]. This includes modulating cell-mediated 
immune (Th1) and antibody-mediated immune (Th2) 
responses, regulating the production of Th1 and Th2 
cytokines, affecting the creation and longevity of 
B-cells, and impacting the apoptosis of immune cells 
[45]. Furthermore, the maternal immune system is 
more effective in identifying and eliminating potential 
cancer cells during and after pregnancy. This may be 
due to the need to protect the mother and fetus from 
infection, inadvertently reducing the risk of cancer 
development. The adoption of healthier behaviors 
and lifestyle modifications that often accompany 
parenthood, especially with an increased number of 
children, could also explain this association. This may 
include changes in dietary habits, physical activity, 
stress management, and enhanced social support 
networks, which collectively can improve general 
health and possibly reduce the risk of cancer [46, 47]. 
Nonetheless, the exact pathways through which these 
changes affect lymphomas are still not clear, and more 
studies are needed.  

Moreover, the variable impact of similar SES/IB 
traits on different types of lymphoma may be related 
to the inherent biological differences among 
lymphoma subtypes, such as specific genetic 
mutations, molecular pathways, and immune 
responses. Certain mutations (e.g., BCL2, MYC) might 
make a subtype more aggressive or influence how it 
interacts with the hormonal or metabolic pathways of 
the body [48]. These genetic distinctions could 
modulate the effect of environmental factors 
associated with SES/IB. Additionally, the immune 
system plays a critical role, and SES/IB can influence 
its effectiveness. Since different lymphoma subtypes 
may provoke and interact with the immune system 

differently, the impact of SES/IB could be manifested 
distinctively across these subtypes. 

This study has several strengths. First, we 
assessed the causal effects between SES/IB traits and 
lymphoma risk through genetics for the first time. 
Second, we minimized observational biases such as 
confounding factors and reverse causality by 
employing MR analyses. However, several limitations 
of the current study should be noted. First, the limited 
sample size of lymphoma cases within the FinnGen 
cohort may compromise the reliability of the analysis 
outcomes, and the study population was restricted to 
individuals of European descent. Second, the 
lymphoma data sourced from the GWAS database 
lacked specific information on patient age and disease 
stage which could not conduct the detailed subgroup 
analysis. Additionally, the genetic instruments used 
to represent SES/IB might not capture the full range 
of these complex constructs, and the potential of 
residual confounding remains.  

In conclusion, these results suggest that certain 
lifestyle and behavioral factors have a measurable 
impact on the risk of developing specific lymphoma 
types. Further research is needed to elucidate the 
mechanisms underlying these associations and to 
explore the potential for lifestyle modifications in 
lymphoma prevention. 

Supplementary Material 
Supplementary figure and tables.  
https://www.jcancer.org/v15p3760s1.zip 
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