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Abstract: Colorectal cancer (CRC), encompassing both colon and rectal cancers, is one of the most prevalent cancers in the digestive 

system. It consistently ranks among the top three cancers in terms of both incidence and mortality, representing a major public health 

concern. Early prevention of CRC can significantly improve patient survival rates and quality of life. Therefore, identifying its causative 

factors is of paramount importance. A variety of factors, including diet, lifestyle, and genetics, are closely related to the occurrence of CRC. 

However, traditional research methods face numerous limitations when exploring the causal relationship between potential risk factors 

and CRC, resulting in slow progress and unmet expectations. Mendelian Randomization (MR) is an epidemiological technique that 

utilizes genetic variants as instrumental variables (IVs) to determine causal links between exposures and outcomes. By applying 

Mendelian inheritance laws, where alleles from parents are randomly assigned to offspring, MR analysis is less affected by environmental 

and behavioral factors and can effectively reduce confounding biases, thus enhancing the accuracy of causal inference. MR analysis is 

increasingly playing an important role in identifying CRC risk factors. This article reviews the relationship between potential causative 

factors and the risk of CRC, as well as the possible underlying mechanisms, and discusses the implications of research in this field for the 

early prevention, diagnosis, and treatment of CRC. 
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1. Introduction 
 

Colorectal cancer (CRC) is a leading malignant tumor 

worldwide, with both its incidence and mortality rates 

increasing each year, representing a significant public health 

threat. According to data from 2022, it is estimated that there 

are 20 million new cancer cases and nearly 9.7 million 

cancer-related deaths worldwide, with CRC accounting for 

9.3% of new cancer cases, second only to lung cancer (12.4%) 

and female breast cancer (11.6%). In terms of cancer-related 

deaths, CRC also represents 9.3%, again only surpassed by 

lung cancer (18.7%). For men, CRC has become the third 

most common cancer and the third leading cause of 

cancer-related deaths. For women, CRC similarly ranks third 

in both new cases and cancer-related deaths [1]. The 

occurrence and development of CRC are closely related to the 

interaction between environmental and genetic factors. Early 

prevention is key to reducing the incidence of CRC, and 

identifying the causative factors of CRC is at the core of early 

prevention. This knowledge not only has the potential to guide 

preventive strategies but also plays a crucial role in improving 

patient prognosis [2]. However, the existing evidence 

regarding the causal relationship between potential causative 

factors and CRC risk predominantly comes from 

observational studies or randomized controlled trials (RCTs). 

Observational studies are prone to confounding biases and 

reverse causality, while RCTs face several limitations, 

including high costs, time consumption, difficulty in 

controlling complex interventions, and ethical concerns [3]. 

Therefore, both traditional research methods have certain 

limitations, highlighting the need for new approaches in 

research. 

 

Mendelian Randomization (MR) analysis is a powerful causal 

inference method that has gained attention in recent years, 

offering a solution to the limitations of traditional research  

 

methods. It uses genetic variations, usually single nucleotide 

polymorphisms (SNPs), as instrumental variables (IVs), 

which helps reduce confounding biases and the impact of 

reverse causality [4]. MR’s fundamental principle is that 

genetic variations are randomly distributed during meiosis 

and fertilization, which means their relationship with disease 

outcomes is less affected by environmental factors or reverse 

causality biases. [5]. MR analysis is based on three essential 

assumptions: (1) There is a strong association between the IV 

and the exposure; (2) The IV is not associated with any 

confounding factors between the exposure and the outcome; 

(3) The IV affects the outcome solely through the exposure 

and not through other pathways (Figure 1). During the 

literature search, a total of three systematic reviews were 

identified that reviewed the association between potential risk 

factors and CRC risk based on MR studies [6-8]. However, 

these reviews have certain limitations in scope, with the 

content summaries being insufficiently comprehensive. Key 

CRC risk factors, such as pyruvate and non-alcoholic fatty 

liver disease, have not been adequately addressed. 

Additionally, some of the data sources are relatively outdated 

and fail to incorporate the latest research advancements. 

Therefore, further synthesis and refinement of research in this 

field are necessary. 

 

This study seeks to provide a comprehensive overview of the 

causal links between CRC and its associated risk factors. By 

thoroughly analyzing these associations, the research not only 

provides scientific evidence for understanding the underlying 

mechanisms of CRC development but also provides 

theoretical basis for developing effective prevention strategies. 

Furthermore, elucidating the impact of key risk factors on 

CRC prognosis will help optimize clinical interventions, 

improve patient quality of life and survival rates, and provide 

important references for the development of public health 

policies and personalized medical practices. 
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Figure 1: Three main assumptions of Mendelian 

Randomization 

2. Materials and Methods 
 

2.1 Data Sources, Inclusion and Exclusion Criteria 

 

In this study, English search terms “Colorectal Neoplasms” 

and “Mendelian Randomization Analysis” were used to 

search the PubMed and Web of Science databases. The search 

period ranged from database inception to January 2025. The 

inclusion criteria for the studies were: (1) MR studies with 

CRC as the outcome and risk factors as exposures; (2) MR 

studies with CRC as the exposure and other diseases as the 

outcome. The exclusion criteria included: (1) Duplicate 

studies; (2) Studies without full-text access; (3) Non-English 

literature. A total of 93 studies were included based on the 

aforementioned inclusion and exclusion criteria. 

 

2.2 Quality Assessment 

 

At present, there is no comprehensive method or tool 

available to evaluate the quality of MR studies. However, MR 

studies must meet the three key assumptions mentioned 

earlier. To conduct a systematic review, we created a 

summary table (see Online Resource 1) and a forest plot 

(Figure 2) highlighting some of the extracted results, to 

illustrate the number of studies based on exposure type and 

the direction of their results. The use of Odds Ratio (OR) to 

measure the relative risk of an outcome associated with an 

exposure factor. 

 
Figure 2: This chart is a forest plot created from data extracted after filtering, used to display key information that aids in the 

analysis of the results 
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3. Results 
 

3.1 The Relationship Between Anthropometric 

Characteristics (Obesity-Related) and CRC 

 

Most observational studies suggest a strong association 

between high body fat percentage (BFP) and the occurrence 

of CRC [9], and three MR studies [3,10,11] have also found 

consistent results, indicating a positive correlation between 

BFP and CRC risk. Body mass index (BMI) is strongly linked 

to the development of CRC, although a few studies have 

suggested that this association may be influenced by age 

factors [12], and MR analysis results also support this. The 

MR analysis by Gao [13] demonstrated that higher adult BMI 

is positively correlated with an increased risk of CRC, while 

no notable association was found between childhood BMI and 

CRC risk (OR = 1.2, P = 0.21). Additionally, multiple MR 

analyses [3,5,10,11,14-17] have consistently confirmed the 

positive link between BMI and CRC development. Among 

these, three studies [5,14,17] further analyzed CRC subtypes 

and gender differences. Two of these results [14,17] were 

consistent with the overall CRC findings, while one study [5] 

found that only the results for colon cancer were significant, 

whereas rectal cancer results were not statistically significant 

(male OR = 1.09, P = 0.1817; female OR = 1.08, P = 0.2901). 

Although waist circumference (WC) is positively correlated 

with BMI, these two indicators are not entirely synonymous, 

as individuals with normal BMI may still have abdominal 

obesity or a large waist circumference. Epidemiological data 

suggest that a larger waist circumference is linked to CRC risk, 

even among individuals with normal body weight [18]. As a 

result, WC should be analyzed independently through MR. 

Three studies [3,10,11] have found a positive association 

between WC and CRC risk. 

 

The causal relationship between higher basal metabolic rate 

(BMR) and CRC risk remains uncertain, and MR analysis 

results provide valuable insights for determining the nature of 

this relationship. Three MR analyses [3,10,19] found a 

positive relationship between BMR and CRC risk. One of 

these studies [19] performed a bidirectional MR analysis 

using Finnish database data and found no signs of reverse 

causality. Previous observational studies have indicated that 

taller adult height (Ht) is linked to an increased risk of CRC 

[20]. Two MR analyses [3,10] also found similar results (OR 

= 1.04, P = 0.032; OR = 1.09, P = 0.006). Additionally, one 

MR analysis [5] indicated that this relationship is more 

pronounced in women. A prospective survey found an 

association between waist-to-hip ratio (WHR) and CRC risk 

[21]and four MR analyses [10,14,22,23] supported this 

finding, all showing a significant positive correlation between 

WHR and CRC risk. Two of these studies [14,22] found that 

this relationship was more significant in women, and one 

study [22] also demonstrated no reverse causality between 

WHR and CRC risk. Additionally, some studies [5,22] found 

that WHR adjusted for body mass index (WHRadjBMI) was 

positively correlated with CRC risk. One study [22] found this 

relationship to be more pronounced in women. Another study 

[5] observed gender differences in the association with colon 

cancer risk, consistent with previous findings, showing a 

stronger correlation in women. However, for overall CRC and 

rectal cancer, the results were the opposite, with men showing 

a more significant association than women. 

 

The traditional body shape indices mentioned earlier are 

correlated with BMI. However, BMI adjustments are also 

influenced by height and weight. Therefore, emerging body 

shape indices, such as A Body Shape Index (ABSI), Hip Index 

(HI), and Waist-to-Hip Index (WHI), which are independent 

of height and weight, provide new references [5]. These 

factors are linked to CRC risk in traditional observational 

studies; however, there is a lack of sufficient MR studies on 

this topic [24]. Among MR analyses, only one study [5] 

analyzed ABSI, HI, and WHI, and found that ABSI was 

positively correlated with CRC risk (OR = 1.29, P = 0.0077), 

with consistent results in subtype and gender analyses. The 

result for WHI was similar to that of ABSI, while HI did not 

show statistical significance. Zhang [11]and colleagues 

performed MR analysis on other obesity-related indicators, 

and found that only Arm Fat Ratio was associated with CRC 

risk (OR = 1.50, P = 0.002), while Trunk Fat Ratio and Leg 

Fat Ratio did not show statistical significance. Although 

observational studies indicate a link between childhood 

obesity and an increased CRC risk, it remains unclear whether 

this association is causal or influenced by obesity in adulthood, 

and further research is needed. Based on this, one study [25] 

found that an increase in early body size increases CRC risk 

(OR = 1.12, P < 0.001), with consistent results in subtype 

analysis. However, after adjusting for adult body size, most of 

these associations weakened, and similar conclusions were 

drawn in gender-specific analysis. This suggests that early 

body size may not directly affect CRC risk. If an individual 

maintains a normal weight in adulthood, childhood 

overweight may not have a significant impact on CRC risk. 

The result that increased early body size raises CRC risk may 

be due to individuals who were obese in childhood 

maintaining obesity into adulthood, leading to this effect. 

 

The risk of CRC is associated with various body 

measurements in complex ways, which may be driven by 

multiple biological, metabolic, and environmental factors. 

Abdominal fat accumulation can increase the secretion of 

pro-inflammatory factors, leading to chronic inflammation. 

Obesity also increases insulin and Insulin-like Growth Factor 

1(IGF-1) levels, stimulating the proliferation of intestinal 

epithelial cells and inhibiting cell apoptosis [26]. Obesity may 

also cause an imbalance in the gut microbiota, generating 

harmful bacterial populations and their metabolic products 

[27]. Additionally, obesity and chronic inflammation may 

alter the expression of oncogenes or tumor suppressor genes 

through Deoxyribonucleic Acid (DNA) methylation and 

histone modification [28]. These pathways are potential 

causes of CRC occurrence and progression. 

 

3.2 The Relationship Between Diet, Lifestyle, and CRC 

 

Studies have indicated [29] that the intake of certain essential 

trace elements, such as iron, selenium, and zinc, is linked to a 

higher risk of diseases, particularly CRC. However, different 

MR analysis results exhibit some discrepancies. A study [3] 

found a positive relationship between circulating serum iron 

levels and CRC risk (OR = 1.17, P = 0.049), while higher 

serum selenium levels were associated with a lower CRC risk 

(OR = 0.85, P = 0.0078). No causal link was identified 

between serum zinc levels and CRC. In contrast, another 

study [30] found no causal associations between serum iron or 
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selenium and CRC risk, but observed an inverse relationship 

between serum zinc levels and CRC risk (OR = 0.97, P = 0.02). 

The differing results may be due to variations in study 

methodology and data sources. A large number of studies 

[3,10,31-33] found no causal relationship between vitamin D 

and CRC risk. There is compelling evidence linking alcohol 

consumption to CRC incidence [34], and MR studies confirm 

this. Two studies [10,35] found that weekly alcohol 

consumption and heavy drinking [35] are risk factors for CRC, 

while another study [17] also found a link between alcohol 

consumption history and CRC risk. Two MR studies [3,10] 

found no significant link between coffee consumption and 

CRC risk, while one study [36] indicated that coffee 

consumption is a risk factor for CRC (OR = 1.43, P < 0.001). 

One MR study [37] found no association between milk intake 

and CRC risk, while another study [38] found that milk intake 

is a protective factor for CRC. No significant association was 

observed between the consumption of fruits, vegetables, meat, 

candy, and tea and CRC risk [37]. 

 

Epidemiological studies consistently show an inverse 

relationship between physical activity (PA) and CRC risk [39], 

and three MR studies [11,17,40] also support this conclusion, 

finding that PA is negatively correlated with CRC risk. A 

study [41] found that increasing smoking intensity and 

duration raises CRC risk, while quitting smoking lowers it. 

Four MR studies [16,17,23,42] found similar results, showing 

that smoking [16,17], starting smoking, and daily smoking 

[23], as well as lifetime smoking volume [42], are positively 

correlated with an increased CRC risk. In subgroup analysis 

[42], only proximal colon cancer (OR = 1.19, P = 0.09) did not 

reach statistical significance. Gender-specific analysis 

showed that lifetime smoking was only positively correlated 

with CRC risk in men. Moreover, less-studied lifestyle factors, 

such as educational level [10], were identified as protective 

factors against CRC risk, while television watching time [43] 

was a risk factor for CRC (OR = 1.32, P < 0.001). MR results 

for leisure screen time [10]and leisure computer use time [43] 

did not show statistical significance. No significant 

association was found between summer or winter outdoor 

activity time, sunlight, or the use of sunlight lamps [44]and 

CRC risk. Morning sleep type [45] was found to be a 

protective factor for CRC risk, and this factor is associated 

with a natural morning-type biological clock rather than 

morning-type behavior (e.g., having sufficient sleep but 

staying up late and waking up early). 

 

Vitamins may regulate CRC occurrence through various 

mechanisms, including antioxidant activity, immune 

modulation, DNA repair, cell proliferation, and apoptosis [46]; 

acetaldehyde, a byproduct of alcohol metabolism, is a known 

carcinogen, and alcohol metabolites may directly damage the 

DNA of intestinal epithelial cells [47], promoting cancer 

development; smoking increases DNA damage, induces 

immune suppression, and triggers chronic inflammation [48], 

which may directly promote CRC development; physical 

inactivity not only leads to weight gain but also slows down 

intestinal peristalsis, extending the contact time of 

carcinogens with the intestinal epithelium [49]. These studies 

provide evidence that unhealthy diets and lifestyles increase 

the risk of CRC. Therefore, adopting healthy dietary habits, 

maintaining appropriate vitamin intake, and changing harmful 

lifestyle behaviors are important strategies to reduce CRC 

risk. 

 

3.3 The Relationship Between Immune Mediators and 

CRC 

 

The relationship between immune mediators and CRC is 

highly complex. A study [50] found that levels of 

Programmed Death Ligand 1(PD-L1) (OR = 0.903, P = 0.028), 

Axis Inhibition Protein 1 (Axin1) (OR = 0.866, P = 0.04), and 

β-Nerve Growth Factor (β-NGF) (OR = 0.914, P = 0.028) 

were significantly negatively correlated with CRC risk, and 

the expression of these factors was also related to CRC’s 

Tumor, Node, Metastasis (TNM) stage and tumor 

differentiation. Another MR study [51] demonstrated a 

protective causal association between higher circulating 

basophil (OR = 0.88, P = 0.04) and eosinophil counts (OR = 

0.93, P = 0.01) and CRC risk. Additionally, in multivariable 

MR analysis, increased lymphocyte counts were also 

negatively correlated with CRC risk (OR = 0.84, P = 0.007), 

though no association was found between monocyte or 

neutrophil counts and CRC risk. A study [52] found that, 

regardless of whether the data came from the UK Biobank 

(UKB) or the Finnish database, eosinophil counts and 

percentages were negatively correlated with CRC risk. Wang 

[53]’s bidirectional MR study revealed a positive correlation 

between Tumor Necrosis Factor-α(TNF-α) levels and CRC 

risk (OR = 1.252, P = 0.047).Zhou [54] found that 

Interleukin-16 (IL-16), Vascular Endothelial Growth Factor 

(VEGF), and Monokine Induced by Interferon Gamma (MIG) 

were positively correlated with rectal cancer risk, while 

Macrophage Colony-Stimulating Factor (M-CSF) was 

negatively correlated with colon cancer risk. Zhang [55] 

confirmed that seven inflammatory protein factors in the 

tumor microenvironment are causally related to CRC. A study 

[56]found that IgD+CD24+%B cells (OR = 0.932, P = 0.014), 

CD14 on CD14+ CD16- monocytes (OR = 0.943, P = 0.014), 

and IgD-CD38br AC (OR = 0.946, P < 0.001) provided a 

protective effect against CRC, while SSC-A on B cells (OR = 

1.073, P = 0.007), CD8 on CD28- CD8br (OR = 1.054, P = 

0.042), and CCR2 on CD62L+ myeloid DC (OR = 1.052, P = 

0.023) were identified as risk factors. A study [55] established 

a causal link between 43 immune cell traits and CRC from a 

total of 731 immune cell characteristics. Gu’s [57] study of 

731 immune cell phenotype-specific changes revealed that 31 

and 28 immune cell phenotypes were found to be significantly 

associated with CRC risk in two distinct datasets. 

 

The findings of these studies indicate that the relationship 

between immune mediators and CRC is exceptionally 

complex. These immune cell factors may promote CRC 

development through mechanisms such as inflammation, 

immune suppression, angiogenesis, and assisting tumor cells 

in immune evasion [58,59]. Conversely, they may also protect 

against CRC through immune surveillance, immune killing, 

and immune modulation [60]. Cytokines such as TNF-α, 

IL-16, and VEGF are important inflammatory factors that 

regulate immune responses and influence the gut 

microenvironment. Chronic inflammation, through activation 

of relevant signaling pathways, can promote intestinal 

epithelial cell proliferation, DNA damage, and inhibit 

apoptosis, thus increasing CRC risk [61]. The increased 

expression of immune suppressive factors such as PD-L1 and 

MIG may inhibit T-cell immune responses, leading to 
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immune evasion and promoting tumor growth and metastasis 

[62]. Immune cells such as eosinophils, basophils, and 

lymphocytes play crucial roles in immune surveillance. 

Increased eosinophils and basophils may protect the host from 

CRC development by secreting anti-tumor cytokines or 

regulating immune responses [63]. In conclusion, cytokines, 

immune cells, and inflammatory protein factors interact 

through various mechanisms, and these mechanisms not only 

promote chronic inflammation, immune evasion, and changes 

in the tumor microenvironment but may also directly 

influence tumor cell proliferation and metastasis, ultimately 

affecting CRC occurrence, development, and prognosis.  

 

3.4 The Relationship Between Metabolites and CRC 

 

Studies have shown that metabolic changes are closely 

associated with the occurrence and progression of CRC [64]. 

MR studies by Yun [65] provided support for the causal 

relationship between six circulating metabolites and CRC, 

revealing that pyruvate, 1,6-dehydroglucose, nonadecanoate 

(19:0), 1-linoleoylglyceroph osphoethanolamine, 

2-hydroxystearate, and gamma-glutamyl threonine were 

positively correlated with CRC risk. Further Multivariable 

Mendelian Randomization (MVMR) analysis showed that 

pyruvate, 1-linoleoylglyceroph osphoethanolamine, and 

gamma-glutamyl threonine independently influenced CRC 

occurrence, independent of other metabolites. An MR 

analysis [66] found a significant association between serum 

uric acid levels and CRC incidence. Furthermore, strong 

evidence suggests [67] that omega-3 fatty acids, 

docosahexaenoic acid (DHA), the ratio of omega-3 fatty acids 

to total fatty acids, the ratio of DHA to total fatty acids, and 

the ratio of omega-6 fatty acids to omega-3 fatty acids may 

influence CRC risk. Cai’s [16] MR study identified 23 plasma 

proteins significantly associated with CRC. Another study [55] 

established a causal link between 37 serum metabolites and 

CRC. 

 

Regarding the biological significance of metabolites, elevated 

pyruvate levels may reflect accelerated glycolysis in cancer 

cells, which typically utilize glycolysis for energy production 

and biosynthesis of macromolecules, thereby promoting cell 

proliferation and growth [68]. Changes in metabolite levels 

may represent a reprogramming of cellular energy 

metabolism and biosynthetic pathways, supporting the high 

proliferative rate and adaptive capabilities of cancer cells [69]. 

Additionally, alterations in omega-3 fatty acids, DHA, and 

fatty acid ratios may affect the composition and fluidity of cell 

membranes, thereby altering signaling processes. 

Furthermore, the imbalance between omega-3 and omega-6 

fatty acids may change local inflammatory responses, as these 

fatty acids and their metabolites play an essential role in 

regulating inflammation, which is closely linked to cancer 

occurrence and progression [70]. The finding of correlations 

between various metabolites in plasma and urine and CRC 

risk suggests that cancer development may be associated with 

systemic metabolic disturbances. These global metabolic 

changes could influence the tumor microenvironment, 

modulate immune responses, inflammatory reactions, and 

cell-to-cell interactions, thereby promoting the carcinogenesis 

process. These studies offer fresh perspectives on the 

metabolic mechanisms of CRC and could lead to novel 

approaches for its early diagnosis, prevention, and treatment. 

3.5 The Relationship Between Gut Microbiota and CRC 

 

Growing evidence indicates [71] that the gut microbiota is 

essential in the development, progression, and metastasis of 

CRC. Ni [72] found in their study that Blautia genus was 

causally related to CRC risk in the discovery sample (β = 

-0.01, P = 0.04), and this relationship was successfully 

replicated in the validation sample (β = -1.18, P = 0.01). 

Another study [73] provided initial MR analysis evidence 

indicating that certain bacteria within the Bifidobacterium 

genus and some uncategorized bacteria from the 

Bacteroidetes phylum might increase the overall and specific 

site risk of CRC. However, subsequent sensitivity analyses 

highlighted the complexity of these relationships and their 

assessment tools, especially the results concerning 

Bifidobacterium, which may not reflect causal relationships. 

Xiang [74]’s MR analysis results showed that family 

Porphyromonadaceae (OR = 1.26, P = 0.0267), genera 

Anaerotruncus (OR = 1.17, P = 0.039), Intestinibacter (OR = 

1.31, P = 0.0038), Slackia (OR = 1.24, P = 0.0071), 

Ruminococcaceae UCG004 (OR = 1.27, P = 0.0232), and 

species Eubacterium coprostanoligenes group (OR = 1.25, P = 

0.0467) were positively correlated with CRC risk. 

 

The gut microbiota may influence immune tolerance and 

immune surveillance through interactions with the host 

immune system [75]. It may also promote CRC progression 

by damaging the gut barrier function and altering the function 

of intestinal epithelial cells. For example, some microbes may 

promote intestinal inflammation or increase intestinal 

permeability, making carcinogens more likely to enter the 

intestinal wall and cause DNA damage, thereby driving 

tumorigenesis. In summary, the mechanisms through which 

the gut microbiota contributes to CRC occurrence, 

progression, and metastasis may include altering gut immune 

responses, disrupting the intestinal barrier, triggering chronic 

inflammation, and influencing gut metabolism, thus directly 

or indirectly promoting CRC development.  

 

3.6 The Relationship Between Systemic Diseases and CRC 

 

In gastrointestinal diseases, the level of lactase-phlorizin 

hydrolase [76] has a negative correlation with CRC risk and 

its subtypes. No causal relationship was found between 

Helicobacter pylori IgG seropositivity, VacA antibody levels, 

and CagA antibody levels [77] with CRC, and reverse MR 

analysis also supported this. Furthermore, no causal 

relationship was found between constipation [78] and CRC. 

Primary sclerosing cholangitis [79] was found to be positively 

associated with the risk of CRC (OR = 1.038, P < 0.001). 

Although one study [80] found no association between 

cholecystectomy and CRC risk (OR = 1.543, P = 0.365), 

gallstone disease may increase the risk of CRC (OR = 1.041, P 

= 0.009). Further MVMR analysis showed that, after 

adjusting for cholecystectomy, the genetic susceptibility to 

gallstones might increase CRC risk (OR = 1.061, P = 0.044). 

Non-alcoholic fatty liver disease [81] was positively 

correlated with CRC risk, while liver volume [82] was 

negatively correlated with CRC risk (OR = 0.60, P = 0.001). 

In the Finnish database, diverticular disease [83] showed a 

positive association with CRC risk, while no such correlation 

was found in the UKB data. Reverse MR analysis showed a 

slight correlation between CRC and diverticular disease (β = 
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0.007, P < 0.001). 

 

In cardiovascular diseases, heart failure [84] showed a 

positive association with CRC risk (OR 1.32, P=0.025). Sterol 

esters (27:1/14.0) [85] were positively correlated with CRC 

risk. Mean red blood cell hemoglobin levels [86] were 

positively correlated with CRC risk. Cardiovascular proteins 

[87] analysis through cis-Protein Quantitative Trait Loci 

(cis-pQTLs) showed that Lectin-like Oxidized Low-Density 

Lipoprotein Receptor-1 (LOX-1), Vascular Endothelial 

Growth Factor A (VEGF-A), and Osteoprotegerin (OPG) 

were positively correlated with CRC risk, whereas Pentraxin 

3(PTX3), Tumor Necrosis Factor Receptor 2(TNF-R2), and 

Matrix Metalloproteinase-7(MMP-7) were negatively 

correlated. Pan-genome Protein Quantitative Trait Loci 

(Pan-pQTL) analysis showed that Matrix Metalloproteinase- 

10(MMP-10) was positively correlated with CRC risk, while 

Adrenomedullin (ADM) (OR = 1.38, P = 0.0091) was 

negatively correlated. GrimAge acceleration rate [88] was 

positively associated with CRC risk (OR = 1.12, P = 0.002), 

with a more significant correlation in colon cancer subtypes 

(OR = 1.15, P = 0.006), while no such correlation was found 

for rectal cancer (OR = 1.05, P = 0.24). 

 

In Respiratory, Endocrine, and Urinary System Diseases: 

Chronic obstructive pulmonary disease [89] increases the risk 

of CRC incidence and progression (OR: 1.16, P = 0.036). 

Overall lung cancer [90]is positively correlated with CRC risk 

(OR = 1.0026, P = 0.0029), with subgroup analysis showing a 

positive correlation between Squamous cell lung carcinoma 

and CRC (OR = 1.0017, P = 0.0022), but no such correlation 

with lung adenocarcinoma (P = 0.4092 > 0.05). No correlation 

was found between asthma [52]and CRC risk (OR = 0.999, P 

= 0.095). Type 2 diabetes [91]is a risk factor for CRC (OR = 

1.07, P = 0.003), while type 1 diabetes [79] is a protective 

factor for CRC (OR = 0.965, P = 0.012), and neither showed 

reverse causality. Proteinuria [92]is a risk factor for CRC, 

whereas glomerular filtration rate showed no significant 

association with CRC (OR = 0.98, P = 0.779). 

 

In Other Diseases: A study on autoimmune diseases found 

that psoriasis (OR = 1.026, P = 0.037) is a risk factor for CRC, 

with no reverse causality. Systemic lupus erythematosus, 

juvenile idiopathic arthritis, multiple sclerosis, celiac disease, 

and rheumatoid arthritis did not show a causal relationship 

with CRC [79]. However, one MR study [93] demonstrated 

that rheumatoid arthritis is significantly associated with CRC 

risk (OR = 1.04, P = 0.005). Uveitis [94] was negatively 

correlated with CRC risk (OR = 0.97, P = 0.021). No 

significant link was observed between major depressive 

disorder [95] and CRC risk. 

 

Overall, the above MR studies clearly demonstrate varying 

degrees of association between CRC and multiple systemic 

diseases. These associations may be related to shared genetic 

characteristics or underlying mechanismsinvolving 

inflammation, metabolic disturbances, genetic factors, 

immune regulation, vascular function, and more. Different 

diseases impact the gut microenvironment, cellular 

metabolism, and immune function through various pathways, 

driving the occurrence and progression of CRC. Therefore, 

considering these interactions in CRC clinical diagnosis and 

treatment will help improve the scientific and precise nature 

of clinical decision-making, while also providing valuable 

insights for future disease prevention and therapeutic strategy 

optimization. 

 

4. Discussion 
 

This study provides a comprehensive exploration of the 

multi-dimensional factors influencing colorectal cancer (CRC) 

incidence, highlighting the complexity of the factors involved 

while also identifying several limitations in current research. 

Firstly, although Mendelian Randomization (MR) studies 

offer the potential for causal inference, differences in research 

methodologies, sample sources, population characteristics, 

and control of confounding factors result in disparities in the 

MR study outcomes. These inconsistencies pose challenges in 

accurately determining the mechanisms underlying CRC 

incidence. This variability not only complicates the 

identification of the most reliable causal relationships but also 

impacts the development of effective prevention and 

intervention strategies for CRC. To address this issue, 

conducting meta-analyses, subgroup analyses, and 

meta-regression could be effective approaches. These 

methods can help explore the sources of heterogeneity 

between studies and allow for a more precise understanding of 

the relationships between various factors and CRC [96-98]. 

Secondly, the selection of instrumental variables in MR 

studies requires special attention. While efforts have been 

made to screen the instrumental variables, some of them show 

weak associations with the exposure factors, which may 

reduce statistical power and introduce potential bias [99].For 

example, if the F-statistic of an instrumental variable is less 

than 10, it may not provide sufficient statistical support. 

Therefore, evaluating the strength of the instrumental 

variables using F-statistics and other indicators is crucial. For 

weaker instrumental variables, combining multiple weak 

variables or using methods like the weighted median approach 

can enhance power. Additionally, functionally annotating the 

instrumental variables to ensure their clear association with 

the exposure factor is an important step to reduce bias [100]. 

Finally, most MR studies rely heavily on European population 

samples, with fewer samples from East Asian and other ethnic 

groups, limiting the generalizability of the findings. 

Differences in genetic backgrounds, lifestyle, and 

environmental exposures across ethnic groups may 

significantly affect the relationships between various factors 

and CRC. Therefore, future studies should consider 

expanding the diversity of their samples, particularly by 

increasing the representation of East Asian and other ethnic 

groups. This will not only help improve the representativeness 

of research findings but also offer a more comprehensive 

understanding of CRC risk factors and mechanisms across 

different populations. Performing ethnicity-stratified analyses 

or subgroup analyses will deepen our understanding of the 

similarities and differences in CRC pathogenesis across 

ethnicities, ensuring that the research outcomes can be widely 

applied and disseminated globally. 

 

5. Conclusion 
 

This study summarizes MR research on CRC, providing an 

in-depth exploration of the factors influencing CRC incidence 

and its underlying mechanisms from multiple dimensions. It 

covers well-established, previously underexplored, and 
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emerging risk factors. However, to improve the reliability and 

broader applicability of the conclusions, future research 

should further refine methodologies, expand sample sizes, and 

increase focus on different ethnic groups. This will provide a 

more scientific and comprehensive basis for CRC prevention, 

early diagnosis, and personalized treatment. 
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