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Background: The impact of artificially sweetened beverages (ASBs) consumption on obesity-related cancers (ORCs) risk remains controversial. To address this challenging issue, this study employed wide-angle mendelian randomization (MR) analyses to explore the genetic causality between ASB consumption and the risk of ORCs, thereby effectively minimizing the impact of external confounders.

Methods: We conducted a suite of analyses encompassing univariable, multivariable, and two-step MR to evaluate causal associations between ASB consumption (samples = 85,852) and risk of ORCs (total samples = 2,974,770) using summary statistics from genome-wide association studies (GWAS). Total, direct, and intermediary effects were derived by performing inverse-variance weighted (IVW), MR-Egger, weighted mode, weighted median, and lasso method. Additionally, we performed an extensive range of sensitivity analyses to counteract the potential effects of confounders, heterogeneity, and pleiotropy, enhancing the robustness and reliability of the findings.

Results: Genetically predicted ASB consumption was positively associated with the risk of colorectal cancer (CRC, p = 0.011; OR: 6.879; 95% CI: 1.551, 30.512 by IVW) and breast cancer (p = 0.022; OR: 3.881; 95% CI: 2.023, 9.776 by IVW). Multivariable analysis yielded similar results. The results of the two-step MR unveiled that body mass index (BMI) assumes a pivotal role in mediating the association between ASB consumption and CRC risk (intermediary effect = 0.068, p = 0.024).

Conclusion: No causal connection exists between ASB consumption and the majority of ORCs, in addition to CRC and breast cancer. Additionally, our findings suggest that BMI might be a potential mediator in the association between ASB consumption and CRC.
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Introduction

On July 14, 2023, a joint announcement from the World Health Organization (WHO), the International Agency for Research on Cancer (IARC), and the Joint Expert Committee on Food Additives (JECFA) classified aspartame as a Group 2B potential human carcinogen (1). This declaration raised significant concerns among both beverage manufacturers and consumers, especially since artificially sweetened beverages (ASB), notably those with aspartame, currently dominate a significant portion of the market (2, 3). Furthermore, for many individuals, ASB serves as the primary means of artificial sugar consumption, and epidemiological studies predominantly rely on the overall consumption of ASB to assess artificial sugar consumption (4).

The safety of ASB consumption has been a contentious topic for several decades. Numerous research endeavors have associated ASB consumption with a range of health conditions, including type 2 diabetes, cardiovascular diseases, neurodegenerative disorders, and obesity-associated cancers, with obesity-related cancers (ORCs) being particularly noteworthy (5–10). Obesity is a well-established predisposing factor for many malignancies, including liver, colorectal (CRC), ovarian, breast, esophageal, gastric, pancreatic, endometrial, kidney, and prostate cancers (11–19). Thus, they are also termed “ORCs”. Meanwhile, prior studies have shown a causal association between ASB consumption and obesity (20, 21). In this context, we hypothesized that consumption of ASB can alter weight, and ultimately result in cancer and that weight may be a mediating factor between the two. So far, there have been scattered studies exploring ASB consumption with ORCs (22–26). Nevertheless, some disadvantages exist. Firstly, most of the previous studies used dietary frequency questionnaires to obtain self-reported ASB intake information, which is subject to measurement error that could be attributed to recall and reporting bias (22). Furthermore, the majority of existing epidemiological research leans on case–control or cohort frameworks, intrinsically susceptible to biases (27, 28). Compounding the issue, there’s a lack of consensus in the findings across different studies. For instance, a French study linked higher ASB consumption to a slightly increased risk of ORCs, while an Australian study found no such association (4, 29). In light of these inconsistencies, Dr. Moez Sanaa, who heads the Food and Nutrition Standards and Scientific Advice Branch at WHO, underscores the necessity for more focused research and trials (1). This would pave the way for more definitive insights, aiding agencies, consumers, and producers in navigating this longstanding debate.

Mendelian randomization (MR), a commonly employed epidemiological approach, operates on the basic principle that alleles undergo random allocation during gamete formation (30). This approach leverages genotypes as instrumental variables (IVs) for ASB consumption to deduce causal relationships pertaining to tumorigenesis risk. Serving as a natural counterpart to a randomized controlled trial (RCT), it offers effect estimates that remain unadulterated by potential confounders (31). Consequently, we employed univariate, multivariate, and two-step MR to delve into the potential causal links between ASB consumption and ORCs, encompassing liver, thyroid, CRC, ovarian, breast (combined), estrogen receptor-positive (ER+) breast, ER- breast, esophageal, gastric, pancreatic, endometrial, kidney, and prostate cancers. As a complement to the current observational studies, we aim to provide a basis for defining public health policies related to ASB with a more accurate and comprehensive method.



Methods


Study design

The study design is shown in Figure 1. Utilizing aggregated data from the Genome-Wide Association Studies (GWAS), we initiated with a two-sample univariable MR analysis to investigate the potential association between ASB consumption and risk of ORCs, considering ASB consumption as the exposure and cancer incidence as outcome. Secondly, as mentioned in the introduction, we identified sugar-sweetened beverages (SSB) consumption as a potential confounding factor, and body mass index (BMI) as potential mediator to execute multivariate and two-step MR analyses, respectively (9, 32, 33). In the final phase, we integrated diverse sensitivity analyses to validate the dependability of the findings. The study was reported in accordance with the Guidelines for Strengthening the Reporting of Observational Studies in Epidemiology Using Mendelian Randomization (STROBE-MR) checklist (34).
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FIGURE 1
 Study design overview and assumptions of the MR study. ASB, Artificially sweetened beverages; IVW, Inverse variance-weighted; MR, Mendelian randomization; SNPs, Single nucleotide polymorphisms.




Study samples

Details regarding the data sources and sample sizes utilized in this study are succinctly outlined in Table 1. The study predominantly relied upon publicly accessible summary-level data, while ensuring that ethical approval was obtained for all original studies.



TABLE 1 Characteristics of exposure and outcome data.
[image: Table1]

We sourced the GWAS summary statistics for ASB consumption from Zhong et al., with a sample size of 85,852 individuals of European ancestry from the UK Biobank (UKB), release 2019 (35). In this study, ASB consumption was obtained from a subset of participants in the UKB through the utilization of a 24-h recall questionnaire (Oxford WebQ) which encompassed the consumption of beverages containing non-nutritive sweeteners, such as aspartame, cyclamates, and saccharin.

To avoid sample overlap with the exposure (UKB), data for the majority of outcomes were collated from different consortia. The different cohorts were selected if the outcome data from UKB, further details can be found in Table 1 (36–44). Additionally, we incorporated GWAS datasets for potential confounding factor and mediator, namely SSB consumption and BMI, with the largest possible sample sizes. Details are stated as follows: BMI was extracted from a GWAS meta-analysis of between 221,863 and 806,810 largely unrelated adults of European ancestry from the Genetic Investigation of ANthropometric Traits (GIANT) consortium and UKB (45). In addition, data related to SSB consumption was also obtained from Zhong et al. (35). Furthermore, when the exposure variable data were incomplete, we removed subjects with undetectable values or imputed the undetectable values.



Instrumental selection

For each analysis, we select eligible IVs for ASB by extracting the single nucleotide polymorphisms (SNPs) associated with each exposure at genome-wide significance (p < 5 × 10−6), with minor allele frequencies >1%, and not in linkage disequilibrium (LD) (r2 < 0.01). Furthermore, we filtered out SNPs that were associated with the results in the original GWAS (p < 5 × 10−5) to adhere to a crucial MR assumption: the impact of genetic variants on the risk of the outcome should be limited to risk factors and should not involve any alternative pathways. To ensure that the IVs were not associated with any potential confounding factors, we removed SNPs associated with confounders that might interfere the pathway between ASB and cancer. We considered five potential confounders, including type 2 diabetes mellitus, physical activity, smoking status, education level, and other dietary sources of sugar, all of which have been previously indicated to impact both ASB and cancer risk and widely used in relevant clinical and research settings (46–48). To filter out SNPs significantly linked with these confounders within the European ancestry, we utilized the PhenoScanner. The results of this filtration process were detailed in Supplementary Table S1. Finally, we calculated an F statistic to evaluate the overall effectiveness of the chosen SNPs in elucidating phenotypic variability, employing the equation: F = (beta/se)2. An F value exceeding 10 signifies that the instrumental SNPs possess considerable potency in mitigating potential biases, while an F value of 10 or below implies the SNPs might be weak IVs.



Statistical analyses

Our statistical analysis was structured in three phases. Initially, we performed univariable MR analyses to assess the total effects. Next, we utilized multivariable and two-step MR analyses to differentiate the effects of the mediators on cancers, thereby determining the direct effects. In the final phase, we deployed a series of sensitivity analyses to gage the consistency of estimations and confirm the validity of the foundational MR assumptions. Additionally, the Steiger directionality test was implemented to ascertain the causal relationship between the exposure and outcome. For these analyses, we employed the R software packages: “TwoSampleMR”, “MVMR”, and “MendelianRandomization” (49).


Univariable MR

In detail, we used iteratively the inverse variance-weighted (IVW) method as the main analysis. However, it is important to note that the IVW results may be subject to bias if any of the SNPs exhibit horizontal pleiotropy. To address this concern and enhance the reliability of our findings, we employed three additional MR methods. One of these methods, MR-Egger, utilizes the slope coefficient of the Egger regression to estimate the causal effect, thereby offering a more robust estimate, even in the absence of any invalid instrumental variables. The weighted median method can provide protection against a notable proportion of invalid IVs, covering up to 50% of them. On the other hand, the application of the weighted mode method yields reliable estimations in cases where the relaxed assumption of IVs exhibits reduced bias and a diminished type I error rate. For situations where only a single genetic instrument is accessible, we resorted to the Wald ratio for the MR analysis (50).



Multivariable MR

Regarding the interplay of genetic instruments between consumption of ASB and SSB, we implemented multivariable MR analyses to discern the direct effects, which represent the influence on an outcome that can be specifically attributed to the exposure of interest rather than confounding factors (51). By combining the genetic instruments from the pertinent GWASs of both ASB and SSB, and subsequently clumping based on linkage disequilibrium (R2 < 0.01 within a window of 10,000 kb), we ensured the independence of the SNPs. Our primary method employed was the robust IVW approach, leveraging the difference of coefficients approach. In tandem, we assessed heterogeneity by using Q statistics.



Two-step MR

To evaluate the mediating impact of BMI, a two-step MR approach was employed (52). In the first step, genetic instruments for ASB consumption were used to deduce the causal impact of this exposure on BMI. In the second step, genetic instruments for BMI were used to determine the causal effect of the potential mediator on ORCs susceptibility. In instances where evidence suggested that ASB consumption influenced the mediator, which in turn influenced the cancer risk, we utilized the “product of coefficients” method to assess the indirect effect of ASB consumption on cancer risk via BMI. Standard errors for the indirect effects were derived by using the delta method.




Sensitivity analysis

The results of the univariate, multivariate, and two-step MR analysis were confirmed following sensitivity analysis. We begin with Cochran’s Q test to assess the presence of heterogeneity. Subsequently, we used MR-PRESSO, accessible at https://github.com/rondolab/MR-PRESSO/, to identify the potential presence of horizontal pleiotropy, setting statistical significance thresholds at p values below 0.05. Further, an MR-Egger regression analysis was undertaken to explore the potential presence of directional pleiotropy bias. The Egger regression model’s intercept acts as a measure of the average pleiotropic impact across all genetic variants. An intercept not equaling zero (p < 0.05) is interpreted as evidence supporting the existence of pleiotropy. Analyses were done using R packages TwoSampleMR (version 0.4.10) and MRPRESSO (version 1.0).




Results


Univariable MR

A list of all SNPs selected for inclusion or exclusion was provided in Supplementary Table S2 for replication. The F values were all greater than 20. In the context of univariable analysis, the primary findings were obtained using the radial IVW method, incorporating adjusted second-order weights in the final iteration. The findings were then presented as odds ratios (ORs) accompanied by 95% confidence interval (CI). Our analysis revealed that genetically predicted ASB consumption was positively associated with the risk of CRC (p = 0.011; OR: 6.879; 95% CI: 1.551, 30.512 by IVW) and breast cancer (p = 0.022; OR: 3.881; 95% CI: 2.023, 9.776 by IVW) (Figure 2; Supplementary Table S3). In addition, the rest of the results were negative.

[image: Figure 2]

FIGURE 2
 The causal association of artificially sweetened beverages with obesity-related cancers in univariable inverse variance-weighted model. The error bars represent 95% CI. All statistical tests were two-sided. p value < 0.05 was considered significant. CI, Confidence interval.




Multivariable MR

Supplementary Tables S2, S4 provide a comprehensive list of the independent instruments employed for multivariable MR. Similar to univariable MR, the main results in this section were derived from the multivariable robust IVW model with multiplicative random effects. The results identified a significant association between the consumption of ASB and the incidence of CRC (p = 0.011; OR: 6.801; 95% CI: 1.557, 29.745 by IVW) (Figure 3). This association was also observed specifically in breast cancer (p = 0.022; OR: 3.668; 95% CI: 2.001, 8.697 by IVW). In addition, the rest of the results were negative. All results are detailed in Supplementary Tables S5, S6.
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FIGURE 3
 The causal association of artificially sweetened beverages with obesity-related cancers in multivariable inverse variance-weighted mode. The error bars represent 95% CI. All statistical tests were two-sided. p value < 0.05 was considered significant. CI, Confidence interval.




Two-step MR

To explore the potential mediating pathway from ASB consumption to cancer occurrence, we executed a two-step MR analysis, as illustrated in Figure 4A. In the first step, the results indicated a significant causal relationship between ASB consumption and BMI (β = 0.333; p = 0.002 by IVW) (Figure 4B; Supplementary Table S7). In the subsequent phase, we found causal evidence between BMI and CRC (p < 0.001; OR: 1.228; 95% CI: 1.088, 1.386 by IVW). Results are detailed in Figure 4C and Supplementary Table S8. Subsequently, we estimated the indirect effect of ASB consumption on CRC through BMI. We discerned that the mediation effect of BMI was evident in CRC (intermediary effect = 0.068, p = 0.024) (Figure 4D). In addition, there was no mediating effect of BMI between breast cancer and ASB consumption (Supplementary Table S9).
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FIGURE 4
 Mediation analysis of the effect of ASB on CRC and breast cancer via BMI. (A) Workflow of the two-step MR analysis. Step 1 estimated the causal effect of ASB on BMI, and step 2 assessed the causal effect of BMI on the risk of CRC and breast cancer. “Direct effect” indicates the effect of ASB on the risk of CRC and breast cancer after adjusting for the mediator. “Indirect effect” indicates the effect of ASB on the risk of CRC and breast cancer through the mediator. (B) Forest plot of individual and combined SNP MR-estimated effect sizes for the relationship between ASB and BMI. Summary MR estimates derived from the IVW, weighted median, and weighted mode for the effect of ASB on BMI are presented below the forest plot. (C) The effect of BMI on CRC and breast cancer risk derived from the IVW. (D) Results of the mediating effect of BMI between CRC and ASB. The error bars represent 95% CI. All statistical tests were two-sided. p value < 0.05 was considered significant. ASB, Artificially sweetened beverages; BMI, Body mass index; CI, Confidence interval; IVW, Inverse variance-weighted; SNPs, Single nucleotide polymorphisms.




Sensitivity analyses

For univariable, multivariable, and two-step MR, we performed sensitivity analyses to verify the results. Heterogeneity, as indicated by the Cochran’s Q statistic, was observed for ovarian cancer (p = 0.043 by IVW) in the univariable setting. Otherwise, no significant heterogeneity was found for all other estimates. The MR-PRESSO analysis did not pinpoint any potential outliers across the instrument effect. Moreover, the MR-Egger intercept analysis did not reveal any substantive evidence of directional pleiotropy. Collectively, across the three distinct MR frameworks, the robustness of our MR results was confirmed via the implementation of these sensitivity analyses. Comprehensive results can be found in Supplementary Tables S10–S14.




Discussion

In this study, we have undertaken a wide-angled MR analysis, marking the most extensive and detailed examination to date, investigating the relationship between ASB consumption and the risk of ORCs. The study found no evidence of a causal relationship between ASB consumption and the majority of ORCs, however, ASB consumption can increase the risk of CRC and breast cancer. Additionally, through multivariate and two-step MR analyses, we evaluated the potential mediators. Our study pinpointed BMI as a pivotal mediator in the association between ASB consumption and CRC. Drawing from this, we propose that BMI potentially acts as a pathway through which ASB impacts the development of tumorigenesis.

In our study, no causal connection exists between ASB consumption and the majority of ORCs, which aligns with the conclusions of several prior clinical studies and meta-analyses. The NutriNet-Santé cohort study from France, which tracked 101,257 participants aged 18 and older for a median follow-up of 5.1 years using repeated 24-h dietary records, found no significant correlation between the consumption of ASB and ORCs risk after applying multiple-adjusted Fine and Gray risk models (24). A comprehensive systematic review and dose–response meta-analysis that incorporated 11 cohort studies resulted in 7 articles being chosen for the dose–response meta-analysis (33). This comprehensive assessment did not unearth any significant variance in ORCs risk with ASB consumption at a rate of 250 mL per day. Nevertheless, positive results were found with regard to CRC and breast cancer. A recent cohort study conducted by Debras et al. (4), which was published in PLOS Medicine, demonstrated a notable correlation between elevated consumption of ASB, particularly aspartame, and a 22% increased likelihood of developing breast cancer. Additionally, the study found a significant association between the consumption of ASB and the risk of ORCs, including colorectal, gastric, liver, esophageal, ovarian, and prostate cancers. This is partially consistent with our findings (CRC and breast cancer). We speculated that the following reasons might partly explain the outcomes. First, the association between ASB and the risk of CRC might be partly explained by its effect on overweight and obesity onset. Through two-step MR analysis, we have identified BMI as a crucial mediator in the association between ASB consumption and CRC. Recognizably, obesity is a pronounced risk factor for several cancers, notably those with obesity-related origins like esophageal, pancreatic, and colorectal cancers (20, 21). Concurrently, several studies have demonstrated a connection between artificial sweetener intake and weight gain, a relationship our research corroborates (53, 54). Yet, a more exhaustive examination is imperative to fully understand BMI’s mediating role, and the mechanism might be involved in tied to modifications in gut microbiota, the release of gut hormones, and metabolic aggregation (55, 56). For instance, research has shown that dietary patterns, including ASB, can impact the composition of gut microbiota, leading to the transformation of carcinogenic substances such as bile acids into metabolites like secondary bile acids and hydrogen sulfide, ultimately promoting the development of CRC (57). Moreover, the correlation between ASB and the risk of cancer cannot be solely elucidated by mechanisms associated with BMI, given that the majority of pertinent clinical investigations have adjusted the baseline BMI and weight fluctuations during follow-up (24, 58). In light of this, we conducted a thorough examination of various potential confounders, such as type 2 diabetes, physical activity, smoking habits, educational attainment, and sugar consumption from alternative dietary sources. Using PhenoScanner, we scrutinized the MR results both before and after these exclusions and found the conclusions consistent. This led us to consider that there may be other factors, such as the high glycaemic index or glycaemic load of ASB that could be influencing breast cancer risk instead of BMI. The glycaemic index has been linked to hyperinsulinaemia and type 2 diabetes, both of which have been implicated in the pathogenesis of breast cancer (59, 60). Consequently, we propose that the elevated risk of breast cancer associated with ASB may be attributed to dysregulated glucose metabolism and insulin dysfunction.

However, some studies presented conflicting results. An opposite conclusion was echoed in the MCC-Spain case–control study, which investigated a spectrum of cancers including colorectal, breast, prostate, stomach, and chronic lymphocytic leukemia (CLL) (61). Furthermore, findings from two prospective cohorts (the Nurses’ Health Study I and II) conducted in the United States revealed that the consumption of ASB did not exhibit a statistically significant association with an elevated risk of breast cancer (58). It’s worth noting that measurement error in dietary questionnaires is a non-negligible contributor to the risk of bias. While both studies (MCC-Spain and the Nurses’ Health Study) differentiated between SSB and ASB, the specific sweeteners and sugars in the assorted beverages were not distinctly categorized at the baseline. Moreover, as ASB, being sugar-free, is often perceived as a healthier alternative, individuals with specific conditions like diabetes might consume them more frequently. Given these nuances, it is imperative to exercise caution when interpreting these findings. Moreover, it should be noted that the connection between ASB and other types of tumors remains an open question. On the one hand, the presence of both intra- and inter-tumor heterogeneity, particularly in ovarian cancer, contribute to the differences in outcomes (62). On the other hand, additional research is required to elucidate the mechanisms through which ASB impacts various types of tumors. In addition to body mass index and high glycaemic index, mechanisms involving inflammation, angiogenesis, promotion of DNA damage, and inhibition of apoptosis may also play a significant role in this phenomenon (63, 64).

Our study stands out as the first attempt at leveraging MR analysis to explore the causal link between ASB consumption and ORCs risk, as far as our current understanding goes. The inherent strength of MR analysis lies in its diminished susceptibility to reverse causation and confounding, particularly when compared with observational studies. This ensures more rigorous evidence for causation, making it an indispensable tool for shaping public health policies. Furthermore, our design employed a wide-angled analysis by incorporating a plethora of MR methods and extensive sensitivity analyses. Such multi-faceted approaches are pivotal for addressing heterogeneity, confounding factors and pleiotropy, thereby bolstering the robustness and dependability of our results. We also harnessed MVMR and two-step MR techniques to probe into potential mediators, offering a more intricate understanding of the underlying mechanism. Demographic stratification bias is improbable to have influenced our findings, as the GWAS predominantly enlisted participants of European descent, and the demographic structure was accounted for through genetic principal components adjustment.

While our study provides significant insights, certain limitations warrant consideration. Firstly, the data for our study, sourced from the publicly available GWAS database, could potentially constrain our capacity to delve into the effects of dose stratification on the results. Given that ASB consumption might significantly impact tumor development risk, there’s a pressing need for an expanded body of clinical research that zeroes in on the dose–response gradient of ASB intake and its potential repercussions on cancer susceptibility. Moreover, pleiotropy poses a potential concern in any MR study. Nevertheless, we have adopted multiple strategies to guarantee the robustness of our findings. These strategies include leveraging MR-PRESSO to filter out outliers and undertaking sensitivity analyses using tools such as Cochran’s Q statistic, weighted median method, and MR-Egger methods. Lastly, as already mentioned, the study cohorts incorporated in our research exclusively comprised individuals of European descent. This demographic focus may limit the generalizability of our findings to broader racial and ethnic groups.



Conclusion

In conclusion, no causal connection exists between ASB consumption and the majority of ORCs, in addition to CRC and breast cancer. Additionally, our findings suggest that BMI might be a potential mediator in the association between ASB consumption and CRC. Compared to prior observational studies, our research provides more robust evidence with fewer confounding factors. These insights will be instrumental in enriching the knowledge base of relevant entities, manufacturers, and consumers about the potential carcinogenicity of ASB.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

Ethical approval was not required for the studies involving humans because all data used in the study are from public databases, there was no need for a separate ethical approval for this study. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements because all data used in the study are from public databases, there was no need for a separate informed consent for this study.



Author contributions

XJ: Data curation, Formal analysis, Writing – original draft. MW: Data curation, Formal analysis, Validation, Writing – original draft. SD: Data curation, Software, Visualization, Writing – original draft. HL: Conceptualization, Methodology, Supervision, Writing – review & editing. HM: Funding acquisition, Methodology, Project administration, Supervision, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by China Postdoctoral Science Foundation (2023M740779), and Postdoctoral Special Project of Guangdong Provincial Hospital of Traditional Chinese Medicine (2023-B5).



Acknowledgments

We would like to thank statistician Professor Rong Zhang for her guidance on the methodological part of this study. We would also like to express our gratitude to the researchers who freely shared the GWAS data on ASB consumption and ORCs with us. The graphical abstract was created with BioRender.com.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2024.1347724/full#supplementary-material



References

 1. WHO. Aspartame hazard and risk assessment results released [internet]. (2023). Available at: https://www.who.int/news/item/14-07-2023-aspartame-hazard-and-risk-assessment-results-released.

 2. Miller,C, Ettridge,K, Wakefield,M, Pettigrew,S, Coveney,J, Roder,D , et al. Consumption of sugar-sweetened beverages, juice, artificially-sweetened soda and bottled water: an Australian population study. Nutrients. (2020) 12:817. doi: 10.3390/nu12030817

 3. van Draanen,J, Prelip,M, and Upchurch,DM. Consumption of fast food, sugar-sweetened beverages, artificially-sweetened beverages and allostatic load among young adults. Prev Med Rep. (2018) 10:212–7. doi: 10.1016/j.pmedr.2017.11.004 

 4. Debras,C, Chazelas,E, Srour,B, Druesne-Pecollo,N, Esseddik,Y, Szabo de Edelenyi,F , et al. Artificial sweeteners and cancer risk: results from the NutriNet-Santé population-based cohort study. PLoS Med. (2022) 19:e1003950. doi: 10.1371/journal.pmed.1003950 

 5. Drouin-Chartier,J-P, Zheng,Y, Li,Y, Malik,V, Pan,A, Bhupathiraju,SN , et al. Changes in consumption of sugary beverages and artificially sweetened beverages and subsequent risk of type 2 diabetes: results from three large prospective U.S. cohorts of women and men. Diabetes Care. (2019) 42:2181–9. doi: 10.2337/dc19-0734 

 6. Imamura,F, O'Connor,L, Ye,Z, Mursu,J, Hayashino,Y, Bhupathiraju,SN , et al. Consumption of sugar sweetened beverages, artificially sweetened beverages, and fruit juice and incidence of type 2 diabetes: systematic review, meta-analysis, and estimation of population attributable fraction. Br J Sports Med. (2016) 50:496–504. doi: 10.1136/bjsports-2016-h3576rep 

 7. Mossavar-Rahmani,Y, Kamensky,V, Manson,JE, Silver,B, Rapp,SR, Haring,B , et al. Artificially sweetened beverages and stroke, coronary heart disease, and all-cause mortality in the Women's Health Initiative. Stroke. (2019) 50:555–62. doi: 10.1161/STROKEAHA.118.023100 

 8. Pase,MP, Himali,JJ, Beiser,AS, Aparicio,HJ, Satizabal,CL, Vasan,RS , et al. Sugar- and artificially sweetened beverages and the risks of incident stroke and dementia: a prospective cohort study. Stroke. (2017) 48:1139–46. doi: 10.1161/STROKEAHA.116.016027 

 9. Malik,VS, and Hu,FB. The role of sugar-sweetened beverages in the global epidemics of obesity and chronic diseases. Nat Rev Endocrinol. (2022) 18:205–18. doi: 10.1038/s41574-021-00627-6 

 10. Malik,VS, Li,Y, Pan,A, De Koning,L, Schernhammer,E, Willett,WC , et al. Long-term consumption of sugar-sweetened and artificially sweetened beverages and risk of mortality in US adults. Circulation. (2019) 139:2113–25. doi: 10.1161/CIRCULATIONAHA.118.037401 

 11. Renehan,AG, Tyson,M, Egger,M, Heller,RF, and Zwahlen,M. Body-mass index and incidence of cancer: a systematic review and meta-analysis of prospective observational studies. Lancet. (2008) 371:569–78. doi: 10.1016/S0140-6736(08)60269-X

 12. Arnold,M, Pandeya,N, Byrnes,G, Renehan,PAG, Stevens,GA, Ezzati,PM , et al. Global burden of cancer attributable to high body-mass index in 2012: a population-based study. Lancet Oncol. (2015) 16:36–46. doi: 10.1016/S1470-2045(14)71123-4 

 13. Lauby-Secretan,B, Scoccianti,C, Loomis,D, Grosse,Y, Bianchini,F, and Straif,K. Body fatness and Cancer--viewpoint of the IARC working group. N Engl J Med. (2016) 375:794–8. doi: 10.1056/NEJMsr1606602 

 14. Sung,H, Siegel,RL, Torre,LA, Pearson-Stuttard,J, Islami,F, Fedewa,SA , et al. Global patterns in excess body weight and the associated cancer burden. CA Cancer J Clin. (2019) 69:88–112. doi: 10.3322/caac.21499 

 15. Islami,F, Goding Sauer,A, Gapstur,SM, and Jemal,A. Proportion of Cancer cases attributable to excess body weight by US state, 2011-2015. JAMA Oncol. (2019) 5:384–92. doi: 10.1001/jamaoncol.2018.5639 

 16. Thrift,AP, Shaheen,NJ, Gammon,MD, Bernstein,L, Reid,BJ, Onstad,L , et al. Obesity and risk of esophageal adenocarcinoma and Barrett's esophagus: a Mendelian randomization study. J Natl Cancer Inst. (2014) 106:dju252. doi: 10.1093/jnci/dju252 

 17. Mao,Y, Yan,C, Lu,Q, Zhu,M, Yu,F, Wang,C , et al. Genetically predicted high body mass index is associated with increased gastric cancer risk. Eur J Hum Genet. (2017) 25:1061–6. doi: 10.1038/ejhg.2017.103 

 18. Johansson,M, Carreras-Torres,R, Scelo,G, Purdue,MP, Mariosa,D, Muller,DC , et al. The influence of obesity-related factors in the etiology of renal cell carcinoma-a mendelian randomization study. PLoS Med. (2019) 16:e1002724. doi: 10.1371/journal.pmed.1002724

 19. Gao,C, Patel,CJ, Michailidou,K, Peters,U, Gong,J, Schildkraut,J , et al. Mendelian randomization study of adiposity-related traits and risk of breast, ovarian, prostate, lung and colorectal cancer. Int J Epidemiol. (2016) 45:896–908. doi: 10.1093/ije/dyw129 

 20. Park,SM, Yun,YH, Kim,YA, Jo,M, Won,Y-J, Back,JH , et al. Prediagnosis body mass index and risk of secondary primary Cancer in male Cancer survivors: a large cohort study. J Clin Oncol. (2016) 34:4116–24. doi: 10.1200/JCO.2016.66.4920

 21. Loh,NY, Wang,W, Noordam,R, and Christodoulides,C. Obesity, fat distribution and risk of Cancer in women and men: a Mendelian randomisation study. Nutrients. (2022) 14:5259. doi: 10.3390/nu14245259

 22. Zamora-Ros,R, Cayssials,V, Clèries,R, Torrents,M, Byrnes,G, Weiderpass,E , et al. Sweetened beverages are associated with a higher risk of differentiated thyroid cancer in the EPIC cohort: a dietary pattern approach. Eur J Nutr. (2023) 62:105–14. doi: 10.1007/s00394-022-02953-5

 23. Davis,EW, McCann,SE, Joseph,JM, Yeary,KHK, Fountzilas,C, and Moysich,KB. Sugar sweetened and artificially sweetened beverage consumption and pancreatic Cancer: a retrospective study. Nutrients. (2023) 15:275. doi: 10.3390/nu15020275 

 24. Chazelas,E, Srour,B, Desmetz,E, Kesse-Guyot,E, Julia,C, Deschamps,V , et al. Sugary drink consumption and risk of cancer: results from NutriNet-Santé prospective cohort. BMJ. (2019) 366:l2408. doi: 10.1136/bmj.l2408 

 25. Zoltick,ES, Smith-Warner,SA, Yuan,C, Wang,M, Fuchs,CS, Meyerhardt,JA , et al. Sugar-sweetened beverage, artificially sweetened beverage and sugar intake and colorectal cancer survival. Br J Cancer. (2021) 125:1016–24. doi: 10.1038/s41416-021-01487-7 

 26. Zhao,L, Zhang,X, Coday,M, Garcia,DO, Li,X, Mossavar-Rahmani,Y , et al. Sugar-sweetened and artificially sweetened beverages and risk of liver Cancer and chronic liver disease mortality. JAMA. (2023) 330:537–46. doi: 10.1001/jama.2023.12618 

 27. Sedgwick,P. Bias in observational study designs: case-control studies. BMJ. (2015) 350:h560. doi: 10.1136/bmj.h560

 28. Sedgwick,P. Bias in observational study designs: prospective cohort studies. BMJ. (2014) 349:g7731. doi: 10.1136/bmj.g7731

 29. Hodge,AM, Bassett,JK, Milne,RL, English,DR, and Giles,GG. Consumption of sugar-sweetened and artificially sweetened soft drinks and risk of obesity-related cancers. Public Health Nutr. (2018) 21:1618–26. doi: 10.1017/S1368980017002555 

 30. Wang,C, Wu,W, Yang,H, Ye,Z, Zhao,Y, Liu,J , et al. Mendelian randomization analyses for PCOS: evidence, opportunities, and challenges. Trends Genet. (2022) 38:468–82. doi: 10.1016/j.tig.2022.01.005 

 31. Tin,A, and Köttgen,A. Mendelian randomization analysis as a tool to gain insights into causes of diseases: a primer. J Am Soc Nephrol. (2021) 32:2400–7. doi: 10.1681/ASN.2020121760 

 32. Miller,C, Ettridge,K, Pettigrew,S, Wittert,G, Wakefield,M, Coveney,J , et al. Warning labels and interpretive nutrition labels: impact on substitution between sugar and artificially sweetened beverages, juice and water in a real-world selection task. Appetite. (2022) 169:105818. doi: 10.1016/j.appet.2021.105818 

 33. Pan,B, Ge,L, Lai,H, Wang,Q, Wang,Q, Zhang,Q , et al. Association of soft drink and 100% fruit juice consumption with all-cause mortality, cardiovascular diseases mortality, and cancer mortality: a systematic review and dose-response meta-analysis of prospective cohort studies. Crit Rev Food Sci Nutr. (2022) 62:8908–19. doi: 10.1080/10408398.2021.1937040 

 34. Skrivankova,VW, Richmond,RC, Woolf,BAR, Yarmolinsky,J, Davies,NM, Swanson,SA , et al. Strengthening the reporting of observational studies in epidemiology using Mendelian randomization: the STROBE-MR statement. JAMA. (2021) 326:1614–21. doi: 10.1001/jama.2021.18236 

 35. Zhong,VW, Kuang,A, Danning,RD, Kraft,P, van Dam,RM, Chasman,DI , et al. A genome-wide association study of bitter and sweet beverage consumption. Hum Mol Genet. (2019) 28:2449–57. doi: 10.1093/hmg/ddz061

 36. Biobank,U. [Internet]. (2023). Available at: https://www.nealelab.is/uk-biobank.

 37. FINNGEN. [Internet]. (2023). Available at: https://www.finngen.fi/en/access_results.

 38. Huyghe,JR, Bien,SA, Harrison,TA, Kang,HM, Chen,S, Schmit,SL , et al. Discovery of common and rare genetic risk variants for colorectal cancer. Nat Genet. (2019) 51:76–87. doi: 10.1038/s41588-018-0286-6 

 39. Phelan,CM, Kuchenbaecker,KB, Tyrer,JP, Kar,SP, Lawrenson,K, Winham,SJ , et al. Identification of 12 new susceptibility loci for different histotypes of epithelial ovarian cancer. Nat Genet. (2017) 49:680–91. doi: 10.1038/ng.3826 

 40. Schumacher,FR, Al Olama,AA, Berndt,SI, Benlloch,S, Ahmed,M, Saunders,EJ , et al. Association analyses of more than 140,000 men identify 63 new prostate cancer susceptibility loci. Nat Genet. (2018) 50:928–36. doi: 10.1038/s41588-018-0142-8 

 41. Michailidou,K, Beesley,J, Lindstrom,S, Canisius,S, Dennis,J, Lush,MJ , et al. Genome-wide association analysis of more than 120,000 individuals identifies 15 new susceptibility loci for breast cancer. Nat Genet. (2015) 47:373–80. doi: 10.1038/ng.3242 

 42. Michailidou,K, Lindström,S, Dennis,J, Beesley,J, Hui,S, Kar,S , et al. Association analysis identifies 65 new breast cancer risk loci. Nature. (2017) 551:92–4. doi: 10.1038/nature24284 

 43. Rashkin,SR, Graff,RE, Kachuri,L, Thai,KK, Alexeeff,SE, Blatchins,MA , et al. Pan-cancer study detects genetic risk variants and shared genetic basis in two large cohorts. Nat Commun. (2020) 11:4423. doi: 10.1038/s41467-020-18246-6 

 44. O'Mara,TA, Glubb,DM, Amant,F, Annibali,D, Ashton,K, Attia,J , et al. Identification of nine new susceptibility loci for endometrial cancer. Nat Commun. (2018) 9:3166. doi: 10.1038/s41467-018-05427-7 

 45. Pulit,SL, Stoneman,C, Morris,AP, Wood,AR, Glastonbury,CA, Tyrrell,J , et al. Meta-analysis of genome-wide association studies for body fat distribution in 694 649 individuals of European ancestry. Hum Mol Genet. (2019) 28:166–74. doi: 10.1093/hmg/ddy327 

 46. Touvier,M, Méjean,C, Kesse-Guyot,E, Pollet,C, Malon,A, Castetbon,K , et al. Comparison between web-based and paper versions of a self-administered anthropometric questionnaire. Eur J Epidemiol. (2010) 25:287–96. doi: 10.1007/s10654-010-9433-9 

 47. Hercberg,S, Castetbon,K, Czernichow,S, Malon,A, Mejean,C, Kesse,E , et al. The Nutrinet-Santé study: a web-based prospective study on the relationship between nutrition and health and determinants of dietary patterns and nutritional status. BMC Public Health. (2010) 10:242. doi: 10.1186/1471-2458-10-242 

 48. Struijk,EA, Rodríguez-Artalejo,F, Fung,TT, Willett,WC, Hu,FB, and Lopez-Garcia,E. Sweetened beverages and risk of frailty among older women in the Nurses' health study: a cohort study. PLoS Med. (2020) 17:e1003453. doi: 10.1371/journal.pmed.1003453 

 49. Yavorska,OO, and Burgess,S. MendelianRandomization: an R package for performing Mendelian randomization analyses using summarized data. Int J Epidemiol. (2017) 46:1734–9. doi: 10.1093/ije/dyx034 

 50. Minelli,C, Del Greco,MF, van der Plaat,DA, Bowden,J, Sheehan,NA, and Thompson,J. The use of two-sample methods for Mendelian randomization analyses on single large datasets. Int J Epidemiol. (2021) 50:1651–9. doi: 10.1093/ije/dyab084 

 51. Sanderson,E. Multivariable Mendelian randomization and mediation. Cold Spring Harb Perspect Med. (2021) 11:a038984. doi: 10.1101/cshperspect.a038984 

 52. Carter,AR, Sanderson,E, Hammerton,G, Richmond,RC, Davey Smith,G, Heron,J , et al. Mendelian randomisation for mediation analysis: current methods and challenges for implementation. Eur J Epidemiol. (2021) 36:465–78. doi: 10.1007/s10654-021-00757-1

 53. Maimaitiyiming,M, Yang,H, Zhou,L, Zhang,X, Cai,Q, and Wang,Y. Associations between an obesity-related dietary pattern and incidence of overall and site-specific cancers: a prospective cohort study. BMC Med. (2023) 21:251. doi: 10.1186/s12916-023-02955-y 

 54. Steffen,BT, Jacobs,DR, Yi,S-Y, Lees,SJ, Shikany,JM, Terry,JG , et al. Long-term aspartame and saccharin intakes are related to greater volumes of visceral, intermuscular, and subcutaneous adipose tissue: the CARDIA study. Int J Obes. (2023) 47:939–47. doi: 10.1038/s41366-023-01336-y 

 55. Chiefari,E, Mirabelli,M, La Vignera,S, Tanyolaç,S, Foti,DP, Aversa,A , et al. Insulin resistance and Cancer: in search for a causal link. Int J Mol Sci. (2021) 22:11137. doi: 10.3390/ijms222011137 

 56. Paden,H, Kurbatfinski,N, Poelstra,JW, Ormiston,K, Orchard,T, and Ilic,S. Dietary impacts on changes in diversity and abundance of the murine microbiome during progression and treatment of Cancer. Nutrients. (2023) 15:724. doi: 10.3390/nu15030724 

 57. Yang,J, and Yu,J. The association of diet, gut microbiota and colorectal cancer: what we eat may imply what we get. Protein Cell. (2018) 9:474–87. doi: 10.1007/s13238-018-0543-6 

 58. Romanos-Nanclares,A, Collins,LC, Hu,FB, Willett,WC, Rosner,BA, Toledo,E , et al. Sugar-sweetened beverages, artificially sweetened beverages, and breast Cancer risk: results from 2 prospective US cohorts. J Nutr. (2021) 151:2768–79. doi: 10.1093/jn/nxab172 

 59. Augustin,LSA, Kendall,CWC, Jenkins,DJA, Willett,WC, Astrup,A, Barclay,AW , et al. Glycemic index, glycemic load and glycemic response: an international scientific consensus summit from the international carbohydrate quality consortium (ICQC). Nutr Metab Cardiovasc Dis. (2015) 25:795–815. doi: 10.1016/j.numecd.2015.05.005 

 60. Larsson,SC, Mantzoros,CS, and Wolk,A. Diabetes mellitus and risk of breast cancer: a meta-analysis. Int J Cancer. (2007) 121:856–62. doi: 10.1002/ijc.22717

 61. Palomar-Cros,A, Straif,K, Romaguera,D, Aragonés,N, Castaño-Vinyals,G, Martin,V , et al. Consumption of aspartame and other artificial sweeteners and risk of cancer in the Spanish multicase-control study (MCC-Spain). Int J Cancer. (2023) 153:979–93. doi: 10.1002/ijc.34577 

 62. Roberts,CM, Cardenas,C, and Tedja,R. The role of intra-Tumoral heterogeneity and its clinical relevance in epithelial ovarian Cancer recurrence and metastasis. Cancers (Basel). (2019) 11:1083. doi: 10.3390/cancers11081083 

 63. Maghiari,AL, Coricovac,D, Pinzaru,IA, Macașoi,IG, Marcovici,I, Simu,S , et al. High concentrations of aspartame induce pro-angiogenic effects in ovo and cytotoxic effects in HT-29 human colorectal carcinoma cells. Nutrients. (2020) 12:3600. doi: 10.3390/nu12123600 

 64. Alleva,R, Borghi,B, Santarelli,L, Strafella,E, Carbonari,D, Bracci,M , et al. In vitro effect of aspartame in angiogenesis induction. Toxicol In Vitro. (2011) 25:286–93. doi: 10.1016/j.tiv.2010.09.002


Copyright
 © 2024 Jin, Wu, Dong, Liu and Ma. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnut-11-1347724-t001.jpg
Variables Consortium Year Cases/controls Population Sex Sample size

Exposure
Artifically sweetened UK Biobank 2019 Not relevant European Males and 85,852
beverages (35) females
Outcomes
Liver cancer (36) UK Biobank 2021 165/456,111 European Males and 456276
females
Thyroid cancer (7) FinnGen 2023 1,783/287,137 European Males and 288920
females
Colorectal cancer (35) GECCO; COREC’ 2018 11,835/11,856 European Males and 2,691
CCFR females
Ovarian cancer (39) OCAC 2017 25,509/40,941 European Females 66,450
Prostate cancer (10) PRACTICAL 2018 79,148/61,106 European Males 140254
Breast cancer (41) BCAC 2015 46,785/42,892 European Females 89,677
ER- breast cancer (12) BCAC 2017 21,468/105,974 European Females 127442
ER+ breast cancer (42)  BCAC 2017 69,501/105,974 European Females 175475
Esophageal cancer FinnGen 2023 566/287,137 European Males and 287,703
(€] females
Gastric cancer (37) FinnGen 203 1,307/287,137 European Males and 288,444
females
Pancreatic cancer (43) Kaiser Permanente 2020 663/410,350 European Males and 41,013
GERA; UK Biobank females
Endometrial cancer ECAG; E2C2 UK 2018 12,906/108,979 European Females 121,885
(1) Biobank
Kidney cancer (43) Kaiser Permanente 2020 1,338/410,350 European Males and 411,688
GERA; UK Biobank females
Sugar-sweetened UK Biobank 2019 Not relevant European Males and 85,852
beverages (35) females
Mediator
Body mass index (15) UK Biobank; 2018 Undlear European Males and 694,649
females

SNPs, Single-nucleatide polymorphisms; GECCO, Genetics and Epidemiology of Colorectal Cancer Consortium; CORECT, Colorectal Cancer Transdisciplinary Study: CCER, Colon Cancer
Family Registry; OCAC, Ovarian Cancer Association Consortium; PRACTICAL, Prostate Cancer Association Group to Investigate Cancer Associated Alterations in the Genome; BCAC,
Breast Cancer Association Consortium; GERA, Genetic Epidemiology Research on Adult Health and Aging: GIANT, Genetic Investigation of ANthropometric Traits; ER, Estrogen receptor.





OPS/images/fnut-11-1347724-g003.jpg
Outcome OR 95% CI P value
Breast cancer 3.668 2.001, 8.697 0.022
ER+ breast cancer 0.900 0.452,1.793 0.765
ER- breast cancer 1.591 0.549, 4.617 0.392
Gastric cancer 2462 0.059, 102.642 0.636
Ovarian cancer 1.904 0.423, 8.574 0.402
Kidney cancer 8.317 0.188, 367.244 0.273
Endometrial cancer 0.815 0.158, 4.203 0.807
Prostate cancer 0.719 0.346, 1.491 0.375
Pancreatic cancer - 3.767 0.035, 403.256 0.578
Colorectal cancer 6.801 1.557, 29.745 0.011
Liver cancer +--- -+ 26.070 0.003,263384.842 0.488
Esophageal cancer r--e--- - 0.388 0.003, 43.181 0.694
Thyroid cancer - - 1.466 0.104, 20.603 0.777

0 1 2 3 4

0Odds Ratio (95% CI)






OPS/images/fnut-11-1347724-g004.jpg
SNPs included in ASB and two cancers
were excluded.

Conditionally independent SNPs
« P value threshold = 5 x 10

- threshold = 0.001 == Mediator
+ Window size = 1 Mb Step1—— Body mass index Step2
Indirect effect
Conditionally independent SNPs
« P value threshold = 5 x 10° .
« fthreshold = 0.01 Exposure Direct effect Outcome
- Window size = 1 Mb Artificially sweetened beverages Breast and colorectal cancer
B c
rs78090946 - —_—
Outcome OR 95% CI Pvalue
rs6742960 - —_—
Colorectal cancer 1228 1.088, 1.386 <0.001
(79799001 Breast cancer - -> 2086 0.019,222.378 0.761
s2252224 - —_—
1117995679 - = 6 1 2 3 4
Odds Ratio (95% CI)
rs581359 - -
rs9355988 - —
rs9849540 - —_—
L —_— D
iS22 Results of the mediating effect of BMI between CRC and ASB.
17154045 Parameters Value
rs118020490 - —_—
Intermediary effect 0.068
16145714986 § Direct effect 1,860
5 Total effect 1.929
All- MR Egger - Proportion of intermediary effect 0035
Interactive Mediation Tests (P) 0.024
Al VW - e

1.0 05






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Artificially sweetened beverages consumption and risk of obesity-related cancers: a wide-angled Mendelian randomization study



		Introduction



		Methods



		Study design



		Study samples



		Instrumental selection



		Statistical analyses



		Univariable MR



		Multivariable MR



		Two-step MR









		Sensitivity analysis









		Results



		Univariable MR



		Multivariable MR



		Two-step MR



		Sensitivity analyses









		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fnut-11-1347724-g001.jpg
Genetic instruments > Confounders

« Univariate MR analysis
Artificially swestened beverages as exposure

« Multivariate MR analysis

Atificially swestened beverages as exposure 1
Sugar-sweetened beverages as exposure 2

| Uopdunssy

Exposure
Artificially sweetened beverages

Outcome

Obesity-related cancers
5

H Assumption 3

« Two-step MR analysis
BMI as mediating factor

Step1 ———— - (Step2





OPS/images/fnut-11-1347724-g002.jpg
Outcome OR 95% CI P value
Breast cancer 3.881 2.023,9.776 0.022
ER+ breast cancer  +- 0.927 0.469, 1.835 0.829
ER- breast cancer 1.847 0.535, 6.376 0.332
Gastric cancer 3.855 0.050, 294.354 0.542
Ovarian cancer - 1.614 0.332,7.844 0.553
Kidney cancer 6438  0.128,324.338  0.352
Endometrial cancer  +-- 0.953 0.218, 4.157 0.949
Prostate cancer »—dl--« 0.780 0.380, 1.602 0.499
Pancreatic cancer +-- i 2.895 0.029, 285.157 0.650
Colorectal cancer 6.879 1.551, 30.512 0.011
Liver cancer +-- 18.180 0.002, 167795.485 0.534
Esophageal cancer +=--4 0.343 0.003, 36.130 0.652
Thyroid cancer  +--- 1.178 0.087, 16.042 0.902

2 4 6
0dds Ratio (95% CI)





OPS/images/cover.jpg
’ frontiers | Frontiers in Nutrition

Artificially sweetened beverages
consumption and risk of
obesity-related cancers: a
wide-angled Mendelian
randomization study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
’frontiers ‘ Frontiers in Nutrition






