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Abstract
Background   The timely recognition of modifiable risk factors holds paramount importance in tumor prevention. We 
aimed to scrutinize the causal relationships between a spectrum of genetically modifiable risk factors and five distinct 
neuroendocrine neoplasms.
Methods  A bidirectional two-sample Mendelian randomization (MR) analysis was employed to elucidate the causal 
relationships between 41 potential risk factors and five neuroendocrine neoplasms.
Results  Height, obesity class 1, 2, and 3, overweight, waist-to-hip ratio, waist circumference, and serum uric acid were 
identified as factors associated with an augmented risk of colorectal neuroendocrine neoplasms (all p < 0.05). Conversely, 
a negative correlation was observed between fasting glucose and the risk of colorectal neuroendocrine neoplasms 
(p = 0.031). Platelet count exhibited a negative correlation with lung neuroendocrine neoplasms (p = 0.02). Moreover, 
the waist-to-hip ratio demonstrated a negative association with the risk of pancreatic neuroendocrine neoplasms. Atrial 
fibrillation, mean cell heamoglobin, and mean cell volume were positively associated with the risk of small intestine neu-
roendocrine neoplasms. In gastric neuroendocrine neoplasms, obesity class 1 and 2, overweight, and telomere length 
were implicated in their heightened risk. Following adjustment for multiple tests, obesity class 1 remained statistically 
significant to colorectal neuroendocrine neoplasms, and telomere length maintained significance in association with 
gastric neuroendocrine neoplasms. The outcomes of reverse MR suggested a bidirectional causal relationship between 
telomere length and gastric neuroendocrine neoplasms.
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Conclusion  This study provided genetic evidence for the causal relationships between potentially modifiable risk fac-
tors and the risk of five neuroendocrine neoplasms. Therapeutic approaches to these factors may provide a basis for 
preventing neuroendocrine neoplasms.

Keywords  Modifiable risk factors · Neuroendocrine neoplasms · Bidirectional · Mendelian randomization · Lifestyle 
factor

1  Introduction

Neuroendocrine neoplasms (NENs) manifest as heterogeneous malignant neoplasms originating from the neuroendo-
crine system [1]. Typically, their origin is within the gastroenteropancreatic (GEP) tract and the bronchopulmonary tree. 
Over recent years, there has been a discernible and consistent rise in both the incidence and prevalence of these tumors 
[2]. NENs exhibit heterogeneity concerning their site of origin, biological behavior, and malignant potential [3]. The sur-
vival of patients diagnosed with NENs has experienced a progressive extension, owing to an enhanced comprehension 
of the molecular underpinnings of the diseases and advancements in the understanding of epigenetics [4–6]. However, 
therapeutic alternatives for high-grade (G3, Ki-67 > 20%) NENs are constrained and are associated with an unfavorable 
prognosis [7]. The delineation of risk factors for NENs facilitates early identification and targeted intervention, thereby 
mitigating the medical and financial burdens associated with disease treatment. Recent advances in pathology classifica-
tion, biomarker identification and imaging technologies may provide early detection leading to personalised treatment 
strategies [8].

In epidemiologic studies, several lifestyle factors, metabolic disorders, and serum biomarkers have demonstrated 
associations with NENs. Notable examples include exposure to ultraviolet light, circadian rhythm disruption, diabetes, 
obesity, smoking, alcohol consumption [9–13], whole blood serotonin, and chromogranin A [14]. Nevertheless, the find-
ings from these observational studies have presented conflicting results. Marit et al9 conducted a comprehensive study 
involving 25 investigations, with the primary objective of discerning the relationship between lifestyle factors and the 
developmental trajectory of GEP-NENs. Their findings indicated variations in the response of NENs in different tissues 
to alcohol and smoking. Notably, diabetes mellitus emerged as a significant risk factor in the onset of pancreatic NENs, 
demonstrating a protective role in disease progression. Conversely, BMI showed no discernible association with the 
development and prognosis of NENs. These results underscore the noteworthy impact of lifestyle factors on the intricate 
process of NET development. Lifestyle factors assume a crucial role in the pathogenesis of NENs as a disease process. 
However, owing to the inherent nature of observational studies, these associations are susceptible to confounding by 
multiple variables. This complexity poses a challenge to establishing conclusive causal inferences, hindering the accurate 
measurement of the causal impact of these modifiable factors on NENs [15].

Mendelian Randomization (MR) analyses, as an emerging methodology, are employed to deduce potential causality 
and evaluate associations between exposure factors and outcomes, utilizing genetic variants as instrumental variables 
(IVs) [16–18]. As Single Nucleotide Polymorphisms (SNPs) are randomly allocated at conception and remain unaffected 
by confounding factors, the impact of confounding and reverse causation can be mitigated. Consequently, MR analysis 
holds the potential to offer more robust evidence than traditional observational studies in establishing causality [16, 
19]. This article aims to utilize MR analysis to investigate the causal relationships between 41 potential risk factors and 
five distinct neuroendocrine neoplasms. Enhancing our comprehension of the potential etiologic risk factors for NENs 
is imperative for more effective disease prevention strategies.

2 � Materials and methods

2.1 � MR design

Our study adhered to the STROBE-MR statement, which governs the reporting of MR studies. Employing a two-sample 
MR approach, we systematically investigated the potential causal effects of 41 potentially modifiable risk factors 
on five neuroendocrine neoplasms. The study is underpinned by three fundamental assumptions: (1) IVs exhibit a 
robust association with the exposure; (2) IVs remain unaffected by known or unknown confounders; and (3) IVs solely 
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influence outcomes through exposure. Ethical approval or informed consent was not required, as publicly available 
data were utilized. Figure 1 elucidates our study design.

Fig. 1   Study design of bidirectional two-sample MR analysis
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2.2 � Data sources

Forty-one potentially modifiable risk factors were systematically categorized into four instrumental variable groups: 
(1) Cardiovascular diseases and cardiometabolic factors, including coronary artery disease, atrial fibrillation, type 
2 diabetes mellitus, stroke, BMI, height, hip circumference, waist circumference, waist-to-hip ratio, obesity class 1, 
obesity class 2, obesity class 3, overweight, total cholesterol, total triglycerides, HDL cholesterol, LDL cholesterol, 
fasting glucose, fasting insulin, HbA1 C, systolic blood pressure, diastolic blood pressure; (2) Lifestyle and dietary 
factors, including cigarettes smoked per day, smoking initiation, alcohol intake frequency, sleeplessness, sleep dura-
tion, moderate to vigorous physical activity levels, coffee intake, tea intake, education level; (3) Blood routine and 
biochemical indicators, including mean cell haemoglobin, haemoglobin concentration, platelet count, mean platelet 
volume, red blood cell count, packed cell volume, mean cell volume, serum uric acid, serum CRP; (4) Other, Telomere 
length. Data related to the five neuroendocrine neoplasms were sourced from the FinnGen consortium (Table 1).

IVs were extracted from various databases, including (1) the most extensive publicly accessible summary-level 
statistics available at the time of analysis; (2) GIANT; (3) EGG; (4) UK Biobank (including MRC-IEU and Neale Lab); 
(5) GLGC; (6) MAGIC; (7) International Consortium of Blood Pressure; (8) GSCAN; (9) SSGAC; (10) HaemGen; and (11) 
GUGC. For a comprehensive understanding of the study cohort, please refer to the description of the original cohort 
study and Table 1.

2.3 � Selection of instrumental variables

SNPs derived from genome-wide association studies (GWAS) served as IVs. A rigorous quality control program was 
enacted to scrutinize exposure-related single nucleotide polymorphisms (SNPs) and meticulously choose the most 
optimal instrumental variables (IVs). Firstly, We defined the significance threshold for SNPs as p < 5E-08. In the reverse 
MR analysis, a significance threshold of p < 5E-06 was established to effectively filter a significant number of avail-
able SNPs. Secondly, we assessed the linkage disequilibrium between SNPs. Among all SNPs with R2 < 0.001, only 
the SNP with the smallest P value was retained, utilizing a clumping window size of 10,000 kb. Thirdly, SNPs with 
allele frequencies ≤ 0.01 were excluded. Fourthly, in the presence of palindromic alleles, allele frequency information 
was assigned to the forward strand allele. Fifthly, the F-statistic was employed for each SNP to gauge the strength 
of covariance between IVs and exposure, with a threshold of F > 10 to exclude bias for weak IVs. In such instances, 
weak IVs were considered unbiased.

2.4 � MR analysis

Five distinct methods were employed for MR analysis, encompassing IVW [20], MR-Egger [21], weighted median [22], 
simple mode [23], and weighted mode [24]. IVW, recognized as the most commonly used and validated method, 
served as the primary analytical approach in this study. It provides the most compelling estimates under the assump-
tion that all SNPs act as valid IVs. In cases where the horizontal pleiotropy assumption is absent, MR-Egger emerges 
as a robust alternative. Each of the remaining three methods possesses its inherent strengths and limitations, with 
potential applicability contingent upon specific circumstances and available data. Consequently, a supplementary 
analysis employing all three methods concurrently was conducted to affirm the stability of the results.

2.5 � Sensitivity analysis

Sensitivity analyses were conducted to evaluate the robustness of our findings. Two methods were used to assess 
and address horizontal pleiotropy: Robust Adjusted Profile Score-RAPS (MR-RAPS) [25] and MR pleiotropy residual 
sum and outlier (MR-PRESSO) [26]. The MR-RAPS method, utilizing random effects distributions to model the multidi-
rectional effects of genetic variation, is acknowledged for its enhanced power compared to traditional MR methods 
[25]. Additionally, Cochran’s Q test [20] was applied to detect heterogeneity among exposure-related SNPs.
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2.6 � Statistical analysis

All analyses were performed using R software (version 4.3.1). MR analysis was conducted using the TwoSampleMR 
(version 0.5.8) package, and P < 0.05 was considered statistically significant. In addition, we used a multiple testing 
adjustment threshold with 41 modifiable risk factors adjusted for P < 0.05/41. Adjusted p-values were considered to 
be statistically significantly significant or otherwise considered potentially relevant.

3 � Results

3.1 � Genetic instruments

Forty-one potentially modifiable risk factors were evaluated. Participants involved in the GWAS study were predomi-
nantly of European origin. After a quality control step, the IVs of the 41 modifiable risk factors are detailed in Table S1. 
All F-statistics exceeded the threshold of 10, indicating an absence of weak instrumental variable bias(Table S1).

3.2 � Cardiovascular diseases and cardiometabolic factors for the risk of neuroendocrine neoplasms

Using the IVW method, we observed significant associations between certain modifiable risk factors and the risk of NENs. 
Height exhibited a noteworthy association with an increased risk of colorectal neuroendocrine neoplasms (Odds Ratio 
[OR] = 5.294, p = 0.002). Additionally, Obesity class 1 was linked to an elevated risk of colorectal (OR = 1.908, p = 0.001) 
and gastric (OR = 2.252, p = 0.012) neuroendocrine neoplasms. Obesity class 2 showed associations with an increased risk 
of colorectal (OR = 1.53, p = 0.043) and gastric (OR = 2.272, p = 0.002) neuroendocrine neoplasms. Overweight was also 
associated with an increased risk of colorectal (OR = 2.375, p = 0.006) and gastric (OR = 3.574, p = 0.012) neuroendocrine 
neoplasms. Furthermore, Obesity class 3, waist circumference, and waist-to-hip ratio demonstrated associations with 
an increased risk of colorectal neuroendocrine neoplasms. For colorectal neuroendocrine tumor risk, ORs from the IVW 
approach were 1.496 (p = 0.028), 2.782 (p = 0.019), and 5.846 (p = 0.006). In addition, there was a negative correlation 
between Fasting glucose and the risk of colorectal neuroendocrine neoplasms (OR = 0.263, p = 0.031). Waist-to-hip ratio 
was negatively correlated with pancreatic neuroendocrine neoplasms (OR = 0.105, p = 0.031). There was a positive cor-
relation between Atrial fibrillation and the risk of small bowel neuroendocrine neoplasms (OR = 1.321, p = 0.016). Obesity 
class 1 exhibited a significant association with colorectal neuroendocrine neoplasms following adjustment for multiple 
testing (Table 2, S2). Except for potential heterogeneity noted between obesity class 2 and colorectal neuroendocrine 
neoplasms, neither heterogeneity nor horizontal pleiotropy was observed in any of the aforementioned results. Sensitiv-
ity analyses consistently yielded causality results, affirming the robustness of the findings (Table 3, S3).

3.3 � Lifestyle and dietary factors for the risk of neuroendocrine neoplasms

In the primary analysis, there was no causal relationship between any of the nine lifestyle and dietary factors, includ-
ing cigarettes smoked per day, smoking initiation, alcohol intake frequency, sleeplessness, sleep duration, moderate to 
vigorous physical activity levels, coffee intake, tea intake, education level, and any of the five neuroendocrine neoplasms 
(Table 2, S2). None of the above results observed the presence of heterogeneity and horizontal pleiotropy (Table S3).

3.4 � Blood routine and biochemical indicators for the risk of neuroendocrine neoplasms

Regarding the blood routine and biochemical indicators, serum uric acid demonstrated an association with an increased 
risk of colorectal neuroendocrine neoplasms (OR = 1.602, p = 0.042). Platelet count exhibited a negative correlation 
with lung neuroendocrine neoplasms (OR = 0.986, p = 0.02). Additionally, There was a positive correlation between 
mean cell haemoglobin (OR = 1.422, p = 0.017) and mean cell volume (OR = 1.151, p = 0.014) and the risk of small bowel 
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neuroendocrine neoplasms (Table 2 TableS2). The presence of heterogeneity and horizontal pleiotropy was not observed 
in any of the above results (Table 3, S3).

3.5 � Telomere length for the risk of neuroendocrine neoplasms

In gastric neuroendocrine neoplasms, Telomere length was considered to be associated with its increased risk (OR 
= 5.546,p = 0.001). This association retained statistical significance even after adjustment for multiple tests, underscoring 
a significant correlation between telomere length and the elevated risk of gastric neuroendocrine neoplasms (Table 2, 
S2). No heterogeneity and horizontal pleiotropy existed between the two. The results of the sensitivity analysis indicated 
the robustness of the causal relationship (Table 3, S3).

3.6 � Bidirectional MR analysis

To demonstrate the directionality of causality, reverse MR analysis was undertaken. To screen for a sufficient number of 
available SNPs, the significance threshold was set to p < 5E-6. However, no SNPs meeting this threshold were available 
for these specific tumor types, and as a result, these exposures were exempted from the screening process. Inverse MR 
results revealed a causal relationship between gastric neuroendocrine neoplasms and telomere length (OR = 1.014, p = 
0.002). There was no significant relationship between colorectal neuroendocrine neoplasms and height, serum uric acid, 
waist circumference, waist-to-hip ratio, obesity class 1, obesity class 2, obesity class 3, overweight, and fasting glucose 

Table 3   Sensitivity analyses of statistically significant MR results for the associations between the risk factors with 5 neuroendocrine neo-
plasms

Bold fonts represent statistically significant p-values

MR, Mendelian randomization; OR, odds ratio; CI, confidence interval; NA, not applicable; PRESSO, Pleiotropy RESidual Sum and Outlier; 
RAPS, robust adjusted profile score

*Multiple tests were carried out to correct the P value, and P value less than 0.05/41 indicated significant difference in the results

Trait Q P heterogeneity Egger Intercept P pleiotropy OR PRESSO (95% CI) P PRESSO OR RAPS (95% CI) P RAPS

Colorectum
Fasting glucose 14.963 0.598  − 0.030 0.538 0.263 (0.086, 0.807) 0.031 0.391 (0.141, 1.085) 0.071
Height 0.039 0.981 0.569 0.631 NA NA NA NA
Obesity class 1 18.636 0.231  − 0.002 0.976 1.908 (1.283, 2.836) 0.006 1.930 (1.326, 2.807) 0.001*
Obesity class 2 18.977 0.025 0.013 0.913 1.530 (1.012, 2.313) 0.071 1.550 (1.143, 2.102) 0.005
Obesity class 3 0.070 0.792 NA NA NA NA NA NA
Overweight 15.669 0.207 0.023 0.807 2.375 (1.278, 4.413) 0.017 2.413 (1.359, 4.287) 0.003
Serum uric acid 14.717 0.874 0.046 0.169 1.602 (1.087, 2.361) 0.026 1.451 (0.923, 2.281) 0.107
Waist-to-hip ratio 31.556 0.293 0.019 0.788 5.846 (1.648, 20.743) 0.011 3.375 (1.034, 11.021) 0.044
Waist circumference 69.154 0.249 −0.007 0.893 2.782 (1.180, 6.561) 0.023 2.877 (1.267, 6.533) 0.012
Lung
Platelet count 32.069 0.317 −0.051 0.45 0.986 (0.974, 0.998) 0.029 0.989 (0.978, 1.001) 0.057
Pancreas
Waist-to-hip ratio 30.407 0.344 −0.054 0.643 0.105 (0.014, 0.819) 0.040 0.157 (0.022, 1.106) 0.063
Small intestine
Atrial fibrillation 96.031 0.746 −0.012 0.486 1.321 (1.065, 1.639) 0.013 1.316 (1.047, 1.654) 0.019
Mean cell haemoglobin 23.383 0.714 0.048 0.179 1.422 (1.084, 1.864) 0.016 1.284 (0.968, 1.703) 0.083
Mean cell volume 36.872 0.428 0.034 0.313 1.151 (1.028, 1.289) 0.019 1.112 (1.000, 1.236) 0.051
Stomach
Obesity class 1 11.077 0.747 −0.117 0.260 2.252 (1.290, 3.929) 0.011 2.272 (1.193, 4.327) 0.013
Obesity class 2 5.105 0.825 −0.039 0.784 2.272 (1.568, 3.292) 0.001* 2.287 (1.347, 3.883) 0.002
Overweight 9.619 0.649 −0.128 0.366 3.574 (1.498, 8.527) 0.013 3.628 (1.350, 9.750) 0.011
Telomere length 119.63 0.772 −0.020 0.431 5.546 (2.172, 14.158) 0.000* 5.635 (2.104, 15.09) 0.001*
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(p > 0.05). Likewise, no causal relationships were detected between small intestinal neuroendocrine neoplasms and atrial 
fibrillation, mean cell haemoglobin, and mean cell volume (p > 0.05) (p > 0.05) (Fig. 2, Table S4).

4 � Discussion

This MR study marks the inaugural analysis of the causal relationship between modifiable risk factors and neuroen-
docrine neoplasms. The findings revealed that height, obesity, overweight, waist-to-hip ratio, waist circumference, 
and serum uric acid are associated with an elevated risk of colorectal neuroendocrine neoplasms. Conversely, fasting 
glucose demonstrated a negative association with the risk of colorectal neuroendocrine neoplasms. Platelet count 
exhibited a negative association with lung neuroendocrine neoplasms, while waist-to-hip ratio showed a negative 
association with pancreatic neuroendocrine neoplasms. There was a positive correlation between atrial fibrillation, 
mean cell haemoglobin, mean cell volume, and the risk of small intestinal neuroendocrine neoplasms. Additionally, 
a bidirectional causal relationship was observed between telomere length and gastric neuroendocrine neoplasms. 
However, there was insufficient evidence to infer causal relationships between lifestyle and dietary factors and 
neuroendocrine neoplasms. These findings hold critical implications for the advancement of neuroendocrine tumor 
prevention and treatment strategies, emphasizing the importance of early identification and intervention in modifi-
able risk factors.

Our findings provide possible genetic evidence supporting causal relationships between cardiometabolic factors 
and the susceptibility to gastrointestinal neuroendocrine neoplasms. Previous studies have indicated associations 
between height, weight gain, and the risk of gastric neuroendocrine neoplasms [27]. Furthermore, highly differen-
tiated GEP-NENs have been linked with visceral obesity and metabolic syndromes, exemplified by factors such as 
waist circumference [28]. Lipid metabolism is involved in the development and progression of many common cancer 
types by altering lipid synthesis, storage, and catabolism. A study by Modica R et al. found lipid alterations to be a 
risk factor for NENs [29]. Another observational study has proposed that cardiometabolic markers and metabolic 
syndrome may serve as predictors of clinical severity in GEP-NENs [30]. The obesity carcinogenesis hypothesis, impli-
cating genetic susceptibility to adipose stromal cell migration and excessive hypoxia in adipose tissue [31], has been 
previously postulated. Despite an incomplete understanding of its mechanisms on neuroendocrine tumorigenesis 
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Fig. 2   Reverse Mendelian randomization analysis of neuroendocrine tumors and modifiable risk factors
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[32], the metabolic effects associated with obesity are believed to contribute to an increased prevalence of GEP-
NENs [33]. A retrospective study by Feola T et al. [34] analysed data on clinical characteristics, family history of can-
cer and other potential risk factors and showed that obesity is an independent risk factor for pancreatic NENs and 
intestinal NENs. Our novel MR analysis, for the first time, demonstrated a causal relationship between obesity and 
gastrointestinal neuroendocrine neoplasms, emphasizing the non-negligible role of obesity control in preventing 
the occurrence of neuroendocrine neoplasms.

Lifestyle and dietary factors are thought to be associated with the development of a variety of tumors. Prior 
observational studies have presented conflicting evidence regarding the association of smoking and alcohol intake 
with an elevated risk of neuroendocrine neoplasms [35, 36], with observed heterogeneity in risk across anatomical 
locations. Additionally, Barrea et al. demonstrated that physical labor was not associated with GEP-NENs tumori-
genesis, aligning with our MR results. In this MR study, we found insufficient evidence to support a causal relation-
ship between lifestyle and dietary factors, including cigarettes smoked per day, smoking initiation, alcohol intake 
frequency, sleeplessness, sleep duration, moderate to vigorous physical activity levels, coffee intake, tea intake, 
education level, and neuroendocrine neoplasms. Hence, a more nuanced exploration may be required to understand 
the role of lifestyle habits as risk factors for neuroendocrine neoplasms.

Telomeres play a pivotal role in mediating crucial regulatory processes in the carcinogenesis of GEP-NENs [37]. In 
primary pancreatic neuroendocrine neoplasms, the selective lengthening of telomeres, coupled with DAXX/ATRX 
deletion, has been associated with metastasis and poor survival [38, 39]. Nishio et al. demonstrated a potential 
association between telomere length and the development of lung neuroendocrine neoplasms [40]. Wang et al. 
indicated that shorter telomeres might be linked to a higher risk of Von Hippel-Lindau-related neuroendocrine 
neoplasms [41]. Wang et al. [42] reported that the incidence of pancreatic neuroendocrine tumours increases with 
age and Lu et al. [43] suggested that age is an independent risk factor for pancreatic neuroendocrine tumours. 
Interestingly, our study did not reveal a causal relationship between telomere length and pancreatic and lung neu-
roendocrine neoplasms. Contrarily, a bidirectional causal relationship was identified between telomere length and 
the development of gastric neuroendocrine neoplasms, suggesting a dynamic interplay between the two variables.  

Our study offers valuable insights into understanding the causal relationships among 41 potentially modifiable 
risk factors and five neuroendocrine neoplasms, as discerned through epidemiological observations. However, 
there are still limitations to our study. Our reliance on available GWAS data may be limited by the quality and 
representativeness of these datasets. Although our MR analysis took into account known confounders, there may 
still be unmeasured factors affecting the relationship between cirrhosis and hepatocellular carcinoma. Our study 
may be limited by sample size and statistical power as well as the heterogeneity of different datasets. Firstly, in the 
reverse MR study, the p-value threshold for screening available SNPs was set at 5E-06, potentially introducing a 
slight instrumental bias to the reverse causality estimation. Secondly, the study’s conclusions primarily rely on GWAS 
summary statistics of European ancestry, and their applicability to other populations remains to be evaluated. In 
addition, there is a lack of suitable genetic variants with strong and specific associations for tumour progression 
and aggressiveness (e.g., grade, stage, metastatic status). There was no way to study the relationship between age 
and tumour as there was no age data in the MR database. This limitation stems from the fact that these clinical 
and pathological features are the result of a complex set of factors, including environmental and somatic genetic 
variations, that cannot be captured by germline genetic variants used in MR. Therefore, our study was unable to 
directly assess their causal role using MR methods. Prospective clinical studies of a larger scale are indispensable 
in the future to unravel the nuanced causal relationships between lifestyle habits, metabolism-related diseases, 
telomere length, and the risk of developing neuroendocrine neoplasms.

5 � Conclusion

Collectively, our MR study stands as the initial and encompassing evaluation of the causal connections among 41 
potentially modifiable risk factors and the susceptibility to five neuroendocrine neoplasms. Notably, obesity and 
overweight emerged as pivotal contributors to neuroendocrine tumor development. Furthermore, our investigation 
unveiled a bidirectional causal relationship between telomere length and the occurrence of gastric neuroendocrine 
neoplasms. These findings contribute to the foundation of knowledge surrounding the etiology of neuroendocrine 
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neoplasms and provide a comprehensive understanding of the intricate causal landscape involving modifiable risk 
factors.  

6 � Limitations

The datasets used in this study, mainly from the UK Biobank and FinnGen databases, are wide-ranging but may 
introduce selection bias due to their population-specific origins. This may limit the generalizability and external 
validity of the findings.

The stringent criteria used to identify robust associations in this study may have limited the identification of some 
of the risk factors, thereby increasing the likelihood of false-negative results.
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