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Cancer is known as one of the leading causes of death in the world. In addition to early mortality, cancer is associated with disability in affected patients. Among environmental risk factors, special attention has been paid to the role of dietary factors. In recent decades, the consumption of sugar-sweetened beverages (SSBs) and natural fruit juices has increased. Several studies have assessed the effects of these beverages on human health and found that a higher intake of SSBs is associated with a greater risk of obesity, diabetes, cardiovascular diseases, hypertension, and non-alcoholic fatty liver disease. However, current evidence for cancer incidence and mortality is not conclusive. In the current review, we concluded that SSBs intake might be positively associated with cancer incidence/mortality through their increasing effects on obesity, inflammatory biomarkers, serum levels of insulin-like growth factor-I (IGF-I), and advanced glycation end-products. Such a positive association was also seen for natural fruit juices. However, types of natural fruit juices were not considered in most previous studies. In addition, some types of cancer including brain, lung, and renal cancers were not assessed in relation to SSBs and natural fruit juices. Therefore, further studies are needed in this regard.
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Introduction

Cancer is known as one of the leading causes of death in the world (1). In 2020, 19.3 million new cases of cancer and approximately 10 million cancer deaths occurred worldwide (2). In addition to early mortality, cancer is associated with disability in affected patients and imposes a high economic burden on the health care system (3). Therefore, finding approaches to prevent cancer and cancer-related mortality is necessary.

It is well known that genetic and environmental factors such as smoking, low physical activity, and unhealthy diet are involved in cancer etiology. Previous studies have shown that several dietary factors have a potential role in cancer incidence and mortality (4). For instance, higher intake of red and processed meats was associated with an increased risk of cancer and cancer-related mortality (5), while higher consumption of fruits and vegetables was associated with a reduction in cancer incidence (6), and mortality (7). In recent decades, the intake of sweetened beverages, including sugar-sweetened beverages (SSBs) and fruit juices, and their associations with cancer received much attention. SSB consumption has increased worldwide, especially among adolescents (8). SSBs are beverages containing caloric sweeteners (sucrose, fructose, etc.), which include carbonated drinks, soft drinks, and fruit drinks.

There is considerable evidence linking excessive consumption of SSBs to a wide range of health problems. Several studies have shown that consumption of SSBs was associated with a higher risk of type 2 diabetes mellitus (9), hypertension, cardiometabolic diseases (10, 11), non-alcoholic fatty liver disease (12), and inflammatory disorders (13–15). The positive association between SSBs and obesity risk has also been reported (16, 17). In terms of cancer, it has been shown that SSBs might affect cancer risk through chronic inflammation and hormonal imbalance (18–20). There might also be an indirect association between SSBs and cancer risk through obesity. Furthermore, SSBs consumption is associated with glycemic response, hyperinsulinemia, and higher levels of circulating insulin-like growth factor-I (IGF-I), which might be associated with cancer progression (21, 22) (Figure 1). Despite the mentioned evidence, findings from epidemiological studies on the association between the consumption of sweetened beverages and the risk of cancer and its mortality are controversial. In this review, we aimed to summarize the epidemiological evidence on the associations of sweetened beverages in different types with cancer incidence/mortality in adults and also discuss the controversial findings in this regard.
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FIGURE 1
 Mechanisms involved in the influence of cancer development and progression. Higher intake of SSBs is associated with obesity, which is associated with increased levels of inflammatory biomarkers, particularly IL-6. IL-6 plays an important role in the proliferation and differentiation of cells. Excessive consumption of sugar from SSBs leads to visceral fat accumulation. Compared to subcutaneous fat, visceral fat induces a high level of pro-inflammatory activity and drives a systemic proinflammatory environment, which is associated with cancer development and progression. Also, high sugar intake increases postprandial blood glucose, which in turn stimulates the production of pro-oxidant molecules and induces DNA damage, thereby increasing cancer risk. Furthermore, SSBs consumption is associated with hyperinsulinemia and higher levels of IGF-I, which might be associated with cancer progression. SSBs: sugar-sweetened beverages, IL-6: interleukin-6, IGF-I: circulating insulin-like growth factor-I.




Methods

In this review article, we conducted an electronic search in the online databases of PubMed, ISI Web of Science, and Scopus to identify eligible articles between July 2000 and July 2023. The following search terms were used in the search strategy: (“sugar-sweetened beverage” OR “sweetened carbonated beverage” OR “sweetened beverage” OR “sugary drink” OR “sugary beverages” OR “sugar-sweetened soft drinks”) AND (“cancer” OR “cancer mortality”). We included observational studies and meta-analyses of observational studies that examined the association of consumption of SSBs and natural fruit juices with cancer incidence/mortality in adults. In the current study letters, comments, and animal studies were excluded. Finally, 32 articles were included in our study.


Definition of SSBs

At present, there is no universal consensus on the definition of SSBs. However, the most accepted definition is to consider any beverage as an SSB if it contains caloric sweeteners such as high-fructose corn syrup (HFCS), sucrose, or fruit juice concentrates among others, which are added to the beverages by individuals, establishments, or manufacturers. According to the definition of the New York City Board of Health, SSBs are considered beverages that have ≥25 calories or 6.25 g of added sugar per 237 mL (23). Unsweetened fruit juices are not considered SSBs, since the sugars in these beverages are not added and are naturally occurring.



Sweetened drinks and cancer incidence/mortality

Below, we summarized available findings on each type of sweetened drinks (carbonated and non-carbonated drinks and soda) in relation to cancer and then, explained the controversial findings and the possible mechanisms for the associations. We also explained natural fruit juices and their relationship with cancer and cancer mortality.



Non-carbonated SSBs

All types of beverages with added sugar are classified as SSBs and include carbonated and non-carbonated soft drinks, energy drinks, sports drinks, industrial fruit juices, sweetened coffee and tea, and other drinks with added caloric sweeteners such as HFCS and sucrose (24). The rate of SSBs consumption differs in each region of the world (25). Because of the widespread consumption of SSBs, there are several studies that examined SSBs intake in relation to health outcomes (26). The higher intake of SSBs was associated with type 2 diabetes, non-alcoholic fatty liver disease, depression, coronary heart disease, stroke, cardiovascular diseases, and all-cause mortality (27–29). Moreover, higher intake of SSBs was associated with obesity, insulin resistance, and changes in body composition (30–32). Therefore, these associations make a question of whether there is any association between SSBs intake cancer incidence or mortality.

A meta-analysis of 21 prospective cohort studies showed that a higher consumption of SSBs was associated with a 10% increased risk of total cancer (relative risk (RR): 1.10, 95% confidence interval (CI): 1.03–1.17), and a 6% increased risk of cancer mortality (RR: 1.06, 95% CI: 1.01–1.12). In that meta-analysis, the dose–response association was also assessed, in which each 250 mL increase in SSBs was associated with a 17% higher risk of cancer incidence. However, the dose–response association between SSBs and cancer mortality was not studied in that meta-analysis (29). Such a positive association was also reported for cancer mortality in a meta-analysis of 11 observational studies (33). Additionally, a prospective study from Nurses’ Health Study (NHS) reported that women who had SSBs consumption after cancer diagnosis in comparison with women with no consumption had a higher risk of cancer-specific mortality (>1 to 3 serving/week, hazard ratio (HR): 1.31, 95% CI: 1.09–1.58; >3 servings/week, HR: 1.35, 95% CI: 1.12–1.62) (34). Another prospective study from the Iowa Women’s Health Study (IWHS), showed that higher intake of SSBs was positively associated with the risk of type I endometrial cancer (35). In another prospective study among Canadian women, a high intake of sugar-containing beverages was associated with a higher risk of endometrial and ovarian cancers (36). SSBs are considered as a high glycemic (GI) food group. In a meta-analysis of 13 observational studies, after combining data from high-quality studies, we found that adherence to a high-GI diet was positively associated with the risk of endometrial cancer (37). However, in that meta-analysis, SSBs were not assessed.

Despite the mentioned evidence on overall cancer and cancer mortality, data on the link between SSBs and specific cancers are conflicting. A meta-analysis of 27 observational studies reported a significant positive association between consumption of SSBs and risk of breast (RR: 1.14, 95% CI: 1.01–1.30) and prostate cancer (RR: 1.18, 95% CI: 1.10–1.27) (38). However, a meta-analysis and some observational studies reported that intake of SSBs was not significantly associated with pancreatic and colorectal cancers (39–41). This difference might be explained by the influence of IGF-I on the secretion of sex hormones. SSBs have an increasing effect on IGF-I levels. This hormone increases the risk of cancer development through increasing the levels of sex hormones like estrogen and testosterone (42) (Figure 1). The increased levels of the mentioned hormone are the main risk factors for breast and prostate cancers, but not gastrointestinal cancers. Also, differences in adjustments for potential confounders including age, socioeconomic status, smoking, and obesity might be another reason for the observed inconsistency. Among the confounders, obesity has a mediating role because SSBs intake may increase the risk of cancer through increasing energy intake and obesity. Therefore, adjustment for obesity or body mass index (BMI) in some studies may disappear the positive association between SSBs intake and cancer risk.

It should be kept in mind that there is evidence indicating that a higher intake of SSBs among colorectal cancer patients increases the risk of death due to this cancer. For instance, based on a pooled analysis of two cohort studies [NHS and Health Professionals Follow-up Study (HPFS)], each 1 serving/day increase in SSBs was associated with a 59% higher risk of mortality from colorectal cancer (43). In another prospective cohort study from the Cancer Prevention Study-II (CPS-II), higher intake of SSBs was associated with increased risk of colorectal cancer mortality (HR, 1.09; 95% CI, 1.02–1.17; P-trend = 0.011), which remained significant even after controlling for (BMI) (44). Some hypotheses can be proposed for the disparity between colorectal cancer incidence and its mortality in relation to SSBs. Sweetened beverages can increase inflammatory biomarkers through their obesity-induced effects. Also, some studies have shown that the positive association between SSBs and inflammatory biomarkers can occur independently of obesity (45). Given the inflammatory nature of colorectal cancer, SSBs-induced inflammation may adversely affect the prognosis of patients. For other types of cancers such as brain, kidney, and lung cancers, we found no eligible study. Future studies should examine the associations of SSBs with the cancers mentioned in this section.



Carbonated beverages

Carbonated beverages are common drinks in the world (46). Different types of carbonated beverages have been identified: sugar-sweetened carbonated beverages, not-sweetened carbonated beverages, and those beverages that contain artificial sweeteners. Therefore, some types of these beverages contain a large amount of sugar and therefore have adverse effects on human health (47). Previous studies reported that carbonated beverages consumption was positively associated with dental disease, obesity, and some gastrointestinal diseases such as dyspepsia and gastro-esophageal reflux disease (GERD) (16, 48, 49). Like the SSBs explained in the previous section, those carbonated beverages containing sugar may increase the risk of cancer and its mortality. However, in addition to sugar, other components in the carbonated beverages might be involved (50). One of these probable carcinogen compounds is 4-methylimidazole (4-MI) which is a by-product of the caramel process and coloring agent (51). Experimental studies reported that the high doses of 4-MI were carcinogenic in mice and female rats (52). Therefore, because of this component, not-sweetened carbonated beverages and artificially sweetened beverages without added sugar may be associated with an increased risk of cancer.

The mechanisms mentioned in the previous section are in line with findings obtained from the previous observational studies. The Singapore Chinese Health Study showed that higher consumption of sugar-sweetened carbonated beverages was associated with an 87% higher risk of pancreatic cancer (HR: 1.87, 95% CI: 1.10–3.15) (53). In addition, a pooled analysis of 14 prospective cohort studies showed a modest positive association between sugar-sweetened carbonated soft drinks and the risk of pancreatic cancer (54). A prospective cohort study on middle-aged and older Japanese individuals with stomach cancer indicated that frequent consumption of carbonated drink/juice (RR: 3.9, 95% CI: 1.4–11.1) significantly increased the risk of cancer mortality among women (55). Also, a population-based prospective study in South America showed that a higher intake of sugar-sweetened carbonated beverages was associated with an increased risk of breast cancer-related mortality among cancer patients (56). In contrast, in a case–control study that was conducted in Sweden, a higher intake of carbonated soft drinks (more than six times per week) was not associated with the risk of esophageal adenocarcinoma (57). A prospective study from CPS-II showed no significant association between sugar-sweetened carbonated beverages and the risk of non-Hodgkin lymphoma (NHL) (58). Also, the lack of a significant association between sugar-sweetened carbonated beverages and colon cancer was reported in another study (59). This discrepancy might be explained by the different influences of SSBs on the mentioned tissues. Among the tissues, SSBs have the highest impact on pancreas through increasing insulin production. Also, some studies, that did not show a significant association between SSBs and cancer risk, did not adjust for potential confounding variables including race.

Consumption of sugar-sweetened carbonated beverages is associated with increased blood glucose and hyperinsulinemia. Hyperinsulinemia is associated with an increase in the levels of free IGF-I. Previous evidence has shown that IGF-I increases cell proliferation (60) (Figure 1). In addition, carbonated SSBs contain a large amount of fructose (from the sweetening agent), which can produce advanced glycation end-products. Non-human studies have shown that these products contribute to the development and progression of cancers (61).

Based on our literature search, we found no study investigating not-sweetened carbonated beverages in relation to cancer or its mortality. In terms of artificially sweetened carbonated beverages, a prospective cohort study from CPS-II reported no significant association between daily consumption of artificially sweetened carbonated beverages and the risk of NHL (58). On the other hand, there is evidence of non-carbonated artificially sweetened beverages. In a meta-analysis of 17 prospective studies, Yin et al. concluded that non-carbonated artificially sweetened beverages might be positively associated with the risk of leukemia and negatively associated with the risk of colorectal cancer (62). In another meta-analysis of 38 observational studies, no significant association was reported between artificially sweetened soft drinks and gastrointestinal cancers, particularly colorectal cancer (63). For cancer mortality, no significant association with artificially sweetened soft drinks was reported in a meta-analysis of prospective cohort studies (64). Overall, it seems that findings on the link between artificially sweetened beverages and cancer are conflicting and depend on cancer type. Therefore, since artificially sweetened beverages are consumed in large amounts, future studies should examine the influence of these beverages on all types of cancers.



Soda

Consumption of soda is increasing in many countries (25). Among the various SSBs choices, sugar-sweetened soda is one of the leading sources of calories and added sugars in Americans’ diets, but it offers nothing else nutritionally (65). Soda might have adverse health effects due to its high sugar content (66). Previous evidence reported that consumption of soda was associated with type 2 diabetes and metabolic syndrome (67).

In terms of cancer, some observational studies have shown that consumption of soda may be associated with an increased risk of cancer. A case–control study that was conducted in South Italy observed that higher consumption of Coca-Cola, as a soda drink, was associated with an increased risk of thyroid cancer (68). Another case–control study in Italy reported a significant positive association between the consumption of cola and the risk of NHL (69). Similarly, a case–control study among the United States (US) population showed a 55% increased risk of pancreatic cancer among patients consuming ≥1 regular cola per day (70). A case–control study from Serbia indicated that the consumption of soda was positively associated with the risk of bladder cancer (71). A pooled analysis of two prospective cohort studies [National Institutes of Health-American Association of Retired Persons (NIH-AARP) Diet and Health Study and the Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial (PLCO)] reported a significant positive association between sugar-sweetened soda consumption and risk of liver cancer (72). Also, a population-based prospective study in South America evaluated the association between sugar-sweetened soda consumption and breast cancer mortality and showed that sugar-sweetened soda drinkers (≥5 times/week) had an 85% increased risk of death due to breast cancer (HR: 1.85, 95% CI: 1.16–2.94) (56). In contrast, in the Multiethnic Cohort Study (MCS), a high consumption of regular soda was not associated with the risk of pancreatic cancer (73). In addition, a retrospective cohort study on the US population, conducted by Davis et al., showed no significant association between cola consumption and pancreatic cancer mortality (70). The controversy observed for pancreatic cancer might be due to different adjustments in the statistical analysis. For instance, the Davis et al. study did not control for energy intake in their analysis. Energy intake is the most important confounders in diet-disease associations (74).

It seems that soda intake is positively associated with both hormonal and non-hormonal cancers. Therefore, other mechanisms, in addition to IGF-I, are involved in the positive associations (Figure 1). Since most sodas are carbonated, these beverages contain high doses of 4-MI which is carcinogenic. In addition, some types of sodas are artificially sweetened. Few studies assessed the association between artificially sweetened sodas and cancer risk. However, findings from these studies are conflicting (72, 75).



Natural fruit juices

Health promotion and disease prevention guidelines around the world recommend that a variety of fruits and vegetables should be consumed in a day because they contain a wide range of nutrients, particularly fiber and vitamin C (76). Fruit juices are an alternative way to consume sufficient amounts of fruits. Recently, the demand for these types of beverages has increased in many countries (25). Although previous evidence has shown that the consumption of fruits has beneficial effects on health, there is still no agreement on the juices obtained from them (76, 77).

Compared to whole fruit, fruit juices contain a lower amount of fiber and vitamin C. Furthermore, fruit juices are rich in natural sugars and therefore, like SSBs, may have negative effects on human health (78, 79). Hyperglycemia after consumption of juices is associated with increased levels of insulin and IGF-I synthesis, which might enhance tumor development (21). Also, it has been shown that elevated levels of IGF-I have been associated with poor prognosis in cancer patients (21, 22) (Figure 1). Also, fruit juices contain large amounts of fructose, which can produce advanced glycation end-products. These products contribute to the development and progression of cancer tumors (61).

A meta-analysis of 16 prospective cohort studies on 100% fruit juice reported that each 250 mL/day increase in fruit juice intake was associated with a 31% increased risk of overall cancer (RR:1.31, 95% CI: 1.04–1.65), a 22% higher risk of melanoma, a 2% higher risk of squamous cell carcinoma, and a 28% higher risk of thyroid cancer (80). Another meta-analysis of observational studies (11 cohort and 6 case–control studies) indicated that one servings/day increment in consumption of fruit juices was associated with a 14% increased risk of overall cancer (RR: 1.14, 95% CI: 1.06–1.23) and a 32% increased risk of colorectal cancer (33). In a prospective study among Canadian women, a high intake of fruit juice was positively associated with the risk of type I endometrial cancer (36). In addition, a prospective study from the UK Biobank cohort showed a significant positive association between orange juice consumption (>1 serving per day) and the risk of melanoma (81). A positive association between natural fruit juice intake and mortality from breast cancer was reported in a prospective cohort study in the US (82). Similarly, in the European Prospective Investigation into Cancer and Nutrition (EPIC), higher natural juice intake was associated with higher renal cell carcinoma mortality in women (83).

Surprisingly, most studies on natural juices revealed a significant positive association with overall cancer and some specific cancers. However, it should be noted that several cancers such as brain, lung, and renal cancers were not assessed in relation to natural fruit juices. In addition, the types of natural fruit juices were not determined in the previous studies. Natural juices from different fruits may have different effects on cancer risk. There is evidence that some fruit juices such as pomegranate juice have an inverse association with cancer risk (84). Therefore, since the types of antioxidants in fruit juices are different, the influence of these juices on cancer might be different. This should be considered in future studies.

Despite the presence of natural antioxidants in fruit juices, these antioxidants are consumed along with a high amount of natural sugar or fructose. Therefore, it seems that the adverse effects of sugar available in fruit juices cover the beneficial effects of antioxidants.




Conclusion

In total, we can conclude that most beverages containing natural or added sugar might increase the risk of cancer, particularly sex hormone-related cancers. This positive association might be attributed to IGF-I, which is increased in response to SSBs consumption and induces an increase in sex hormones. In addition to IGF-I, SSBs and natural fruit juices may increase the risk of cancer through their obesity-inducing effects and also their increasing effects on inflammatory biomarkers. Despite the evidence, limited data are available for the link between SSBs/natural fruit juices and some important cancers such as brain, lung, and renal cancers. Therefore, further studies are needed in this regard. In addition, we suggest that a homogenous classification of sweetened beverages should be developed to better understand their roles in the development or maybe prevention of cancer.



Author contributions

NE: Writing – review & editing, Methodology, Project administration. MZ: Writing – original draft, Methodology. MM: Writing – original draft. ZG: Writing – original draft, Methodology. AA: Writing – original draft. GA:  Writing – review & editing, Methodology, Conceptualization. MA: Writing – review & editing, Funding acquisition. AM: Writing – review & editing, Conceptualization. OS: Writing – review & editing, Supervision.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. The study was financially supported by Abadan University of Medical Sciences, Abadan, Iran (ID: 1708). The funder had no role in the design and conduct of the study; collection of the data; preparation, review, or approval of the manuscript; or the decision to submit the manuscript for publication.



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.



References

 1. Bray, F, Laversanne, M, Weiderpass, E, and Soerjomataram, I. The ever-increasing importance of Cancer as a leading cause of premature death worldwide. Cancer. (2021) 127:3029–30. doi: 10.1002/cncr.33587 

 2. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A , et al. Global Cancer statistics 2020: Globocan estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2021) 71:209–49. doi: 10.3322/caac.21660 

 3. Lortet-Tieulent, J, Soerjomataram, I, Lin, CC, Coebergh, JWW, and Jemal, A. U.S burden of Cancer by race and ethnicity according to disability-adjusted life years. Am J Prev Med. (2016) 51:673–81. doi: 10.1016/j.amepre.2016.07.039 

 4. López-Plaza, B, Loria-Kohen, V, González-Rodríguez, LG, and Fernández-Cruz, E. Diet and lifestyle in Cancer prevention. Nutr Hosp. (2022) 39:74–7. doi: 10.20960/nh.04317

 5. Han, MA, Zeraatkar, D, Guyatt, GH, Vernooij, RWM, El Dib, R, Zhang, Y , et al. Reduction of red and processed meat intake and Cancer mortality and incidence: a systematic review and Meta-analysis of cohort studies. Ann Intern Med. (2019) 171:711–20. doi: 10.7326/m19-0699 

 6. Angelino, D, Godos, J, Ghelfi, F, Tieri, M, Titta, L, Lafranconi, A , et al. Fruit and vegetable consumption and health outcomes: an umbrella review of observational studies. Int J Food Sci Nutr. (2019) 70:652–67. doi: 10.1080/09637486.2019.1571021 

 7. Aune, D, Giovannucci, E, Boffetta, P, Fadnes, LT, Keum, N, Norat, T , et al. Fruit and vegetable intake and the risk of cardiovascular disease, Total Cancer and all-cause mortality-a systematic review and dose-response Meta-analysis of prospective studies. Int J Epidemiol. (2017) 46:1029–56. doi: 10.1093/ije/dyw319 

 8. Stea, TH, Øverby, NC, Klepp, KI, and Bere, E. Changes in beverage consumption in Norwegian children from 2001 to 2008. Public Health Nutr. (2012) 15:379–85. doi: 10.1017/s1368980011001959 

 9. Greenwood, DC, Threapleton, DE, Evans, CE, Cleghorn, CL, Nykjaer, C, Woodhead, C , et al. Association between sugar-sweetened and artificially sweetened soft drinks and type 2 diabetes: systematic review and dose-response Meta-analysis of prospective studies. Br J Nutr. (2014) 112:725–34. doi: 10.1017/s0007114514001329 

 10. Xi, B, Huang, Y, Reilly, KH, Li, S, Zheng, R, Barrio-Lopez, MT , et al. Sugar-sweetened beverages and risk of hypertension and Cvd: a dose-response Meta-analysis. Br J Nutr. (2015) 113:709–17. doi: 10.1017/s0007114514004383 

 11. Barghchi, H, Dehnavi, Z, Nattagh-Eshtivani, E, Alwaily, ER, Almulla, AF, Kareem, AK , et al. The effects of Chlorella Vulgaris on cardiovascular risk factors: a comprehensive review on putative molecular mechanisms. Biomed Pharmacother. (2023) 162:114624. doi: 10.1016/j.biopha.2023.114624 

 12. Chen, H, Wang, J, Li, Z, Lam, CWK, Xiao, Y, Wu, Q , et al. Consumption of sugar-sweetened beverages has a dose-dependent effect on the risk of non-alcoholic fatty liver disease: an updated systematic review and dose-response Meta-analysis. Int J Environ Res Public Health. (2019) 16:2192. doi: 10.3390/ijerph16122192 

 13. Hu, Y, Costenbader, KH, Gao, X, Al-Daabil, M, Sparks, JA, Solomon, DH , et al. Sugar-sweetened soda consumption and risk of developing rheumatoid arthritis in women. Am J Clin Nutr. (2014) 100:959–67. doi: 10.3945/ajcn.114.086918 

 14. Nattagh-Eshtivani, E, Pahlavani, N, Ranjbar, G, Gholizadeh Navashenaq, J, Salehi-Sahlabadi, A, Mahmudiono, T , et al. Does Propolis have any effect on rheumatoid arthritis? A Review Study. Food Sci Nutr. (2022) 10:1003–20. doi: 10.1002/fsn3.2684

 15. Malekahmadi, M, Moradi Moghaddam, O, Islam, SMS, Tanha, K, Nematy, M, Pahlavani, N , et al. Evaluation of the effects of Pycnogenol (French maritime pine bark extract) supplementation on inflammatory biomarkers and nutritional and clinical status in traumatic brain injury patients in an intensive care unit: a randomized clinical trial protocol. Trials. (2020) 21:162. doi: 10.1186/s13063-019-4008-x 

 16. Malik, VS, Schulze, MB, and Hu, FB. Intake of sugar-sweetened beverages and weight gain: a systematic review. Am J Clin Nutr. (2006) 84:274–88. doi: 10.1093/ajcn/84.1.274 

 17. Santos, LP, Gigante, DP, Delpino, FM, Maciel, AP, and Bielemann, RM. Sugar sweetened beverages intake and risk of obesity and Cardiometabolic diseases in longitudinal studies: a systematic review and Meta-analysis with 1.5 million individuals. Clin Nutr ESPEN. (2022) 51:128–42. doi: 10.1016/j.clnesp.2022.08.021

 18. Singh, N, Baby, D, Rajguru, JP, Patil, PB, Thakkannavar, SS, and Pujari, VB. Inflammation and Cancer. Ann Afr Med. (2019) 18:121–6. doi: 10.4103/aam.aam_56_18 

 19. Rafiee, P, Hajianfar, H, Tavakoly, R, Safavi, M, and Miraghajani, M, Arab A. Sugar Sweetened Beverages and Cancer: A Brief Review. Curr Topics Nutraceut Res. (2017) 15: 123–30.

 20. Nattagh-Eshtivani, E, Gheflati, A, Barghchi, H, Rahbarinejad, P, Hachem, K, Shalaby, MN , et al. The role of Pycnogenol in the control of inflammation and oxidative stress in chronic diseases: molecular aspects. Phytother Res. (2022) 36:2352–74. doi: 10.1002/ptr.7454 

 21. Jiang, B, Zhang, X, Du, LL, Wang, Y, Liu, DB, Han, CZ , et al. Possible roles of insulin, Igf-1 and Igfbps in initiation and progression of colorectal Cancer. World J Gastroenterol. (2014) 20:1608–13. doi: 10.3748/wjg.v20.i6.1608 

 22. Zhang, Z, Lei, B, Chai, W, Liu, R, and Li, T. Increased expression of insulin-like growth Factor-1 receptor predicts poor prognosis in patients with hepatocellular carcinoma. Medicine (Baltimore). (2019) 98:e17680. doi: 10.1097/md.0000000000017680 

 23. 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 

 24. Arroyo-Quiroz, C, Brunauer, R, and Alavez, S. Sugar-sweetened beverages and Cancer risk: a narrative review. Nutr Cancer. (2022) 74:3077–95. doi: 10.1080/01635581.2022.2069827 

 25. Singh, GM, Micha, R, Khatibzadeh, S, Shi, P, Lim, S, Andrews, KG , et al. Global, regional, and National Consumption of sugar-sweetened beverages, fruit juices, and Milk: a systematic assessment of beverage intake in 187 countries. PLoS One. (2015) 10:e0124845. doi: 10.1371/journal.pone.0124845 

 26. Popkin, BM, and Hawkes, C. Sweetening of the global diet, particularly beverages: patterns, trends, and policy responses. Lancet Diabetes Endocrinol. (2016) 4:174–86. doi: 10.1016/s2213-8587(15)00419-2

 27. Qin, P, Li, Q, Zhao, Y, Chen, Q, Sun, X, Liu, Y , et al. Sugar and artificially sweetened beverages and risk of obesity, type 2 diabetes mellitus, hypertension, and all-cause mortality: a dose-response Meta-analysis of prospective cohort studies. Eur J Epidemiol. (2020) 35:655–71. doi: 10.1007/s10654-020-00655-y 

 28. Park, WY, Yiannakou, I, Petersen, JM, Hoffmann, U, Ma, J, and Long, MT. Sugar-sweetened beverage, diet soda, and nonalcoholic fatty liver disease over 6 years: the Framingham heart study. Clin Gastroenterol Hepatol. (2022) 20:2524–32.e2. doi: 10.1016/j.cgh.2021.11.001 

 29. Wang, Y, Zhao, R, Wang, B, Zhao, C, Zhu, B, and Tian, X. The dose-response associations of sugar-sweetened beverage intake with the risk of stroke, depression, Cancer, and cause-specific mortality: a systematic review and Meta-analysis of prospective studies. Nutrients. (2022) 14:777. doi: 10.3390/nu14040777 

 30. Ma, J, McKeown, NM, Hwang, SJ, Hoffmann, U, Jacques, PF, and Fox, CS. Sugar-sweetened beverage consumption is associated with change of visceral adipose tissue over 6 years of follow-up. Circulation. (2016) 133:370–7. doi: 10.1161/circulationaha.115.018704 

 31. Maersk, M, Belza, A, Stødkilde-Jørgensen, H, Ringgaard, S, Chabanova, E, Thomsen, H , et al. Sucrose-sweetened beverages increase fat storage in the liver, muscle, and visceral fat depot: a 6-Mo randomized intervention study. Am J Clin Nutr. (2012) 95:283–9. doi: 10.3945/ajcn.111.022533 

 32. Lana, A, Rodríguez-Artalejo, F, and Lopez-Garcia, E. Consumption of sugar-sweetened beverages is positively related to insulin resistance and higher plasma leptin concentrations in men and nonoverweight women. J Nutr. (2014) 144:1099–105. doi: 10.3945/jn.114.195230 

 33. Li, Y, Guo, L, He, K, Huang, C, and Tang, S. Consumption of sugar-sweetened beverages and fruit juice and human Cancer: a systematic review and dose-response Meta-analysis of observational studies. J Cancer. (2021) 12:3077–88. doi: 10.7150/jca.51322 

 34. Farvid, MS, Spence, ND, Rosner, BA, Chen, WY, Eliassen, AH, Willett, WC , et al. Consumption of sugar-sweetened and artificially sweetened beverages and breast Cancer survival. Cancer. (2021) 127:2762–73. doi: 10.1002/cncr.33461 

 35. Inoue-Choi, M, Robien, K, Mariani, A, Cerhan, JR, and Anderson, KE. Sugar-sweetened beverage intake and the risk of type I and type ii endometrial Cancer among postmenopausal women. Cancer Epidemiol Biomark Prev. (2013) 22:2384–94. doi: 10.1158/1055-9965.Epi-13-0636 

 36. Arthur, RS, Kirsh, VA, Mossavar-Rahmani, Y, Xue, X, and Rohan, TE. Sugar-containing beverages and their association with risk of breast, endometrial, ovarian and colorectal cancers among Canadian women. Cancer Epidemiol. (2021) 70:101855. doi: 10.1016/j.canep.2020.101855

 37. Sadeghi, A, Sadeghian, M, Nasiri, M, Rahmani, J, Khodadost, M, Pirouzi, A , et al. Carbohydrate quantity and quality affect the risk of endometrial Cancer: a systematic review and dose-response Meta-analysis. Clin Nutr. (2020) 39:1681–91. doi: 10.1016/j.clnu.2019.08.001 

 38. Llaha, F, Gil-Lespinard, M, Unal, P, de Villasante, I, Castañeda, J, Zamora-Ros, R , et al. A systematic review and Meta-analysis of observational studies. Nutrients. (2021) 13:516. doi: 10.3390/nu13020516

 39. Pacheco, LS, Anderson, CAM, Lacey,JV Jr, Giovannucci, EL, Lemus, H, Araneta, MRG , et al. Sugar-sweetened beverages and colorectal Cancer risk in the California teachers study. PLoS One. (2019) 14:e0223638. doi: 10.1371/journal.pone.0223638 

 40. Schwingshackl, L, Schwedhelm, C, Hoffmann, G, Knüppel, S, Laure Preterre, A, Iqbal, K , et al. Food groups and risk of colorectal Cancer. Int J Cancer. (2018) 142:1748–58. doi: 10.1002/ijc.31198

 41. Bao, Y, Stolzenberg-Solomon, R, Jiao, L, Silverman, DT, Subar, AF, Park, Y , et al. Added sugar and sugar-sweetened foods and beverages and the risk of pancreatic Cancer in the National Institutes of Health-Aarp diet and health study. Am J Clin Nutr. (2008) 88:431–40. doi: 10.1093/ajcn/88.2.431 

 42. Singh, A, Hamilton-Fairley, D, Koistinen, R, Seppälä, M, James, VH, Franks, S , et al. Effect of insulin-like growth factor-type I (Igf-I) and insulin on the secretion of sex hormone binding globulin and Igf-I binding protein (Ibp-I) by human hepatoma cells. J Endocrinol. (1990) 124:R1–3. doi: 10.1677/joe.0.124r001 

 43. 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 

 44. McCullough, ML, Hodge, RA, Campbell, PT, Guinter, MA, and Patel, AV. Sugar-and artificially-sweetened beverages and Cancer mortality in a large U.S. prospective cohort. Cancer Epidemiol Biomark Prev. (2022) 31:1907–18. doi: 10.1158/1055-9965.Epi-22-0392

 45. Lin, WT, Kao, YH, Li, MS, Luo, T, Lin, HY, Lee, CH , et al. Sugar-sweetened beverages intake, abdominal obesity, and inflammation among us adults without and with prediabetes-an Nhanes study. Int J Environ Res Public Health. (2022) 20:681. doi: 10.3390/ijerph20010681 

 46. Beal, T, Morris, SS, and Tumilowicz, A. Global patterns of adolescent fruit, vegetable, carbonated soft drink, and fast-food consumption: a Meta-analysis of global school-based student health surveys. Food Nutr Bull. (2019) 40:444–59. doi: 10.1177/0379572119848287 

 47. Popkin, BM. Sugary beverages represent a threat to Global Health. Trends Endocrinol Metab. (2012) 23:591–3. doi: 10.1016/j.tem.2012.07.003 

 48. Johnson, T, Gerson, L, Hershcovici, T, Stave, C, and Fass, R. Systematic review: the effects of carbonated beverages on gastro-Oesophageal reflux disease. Aliment Pharmacol Ther. (2010) 31:607–14. doi: 10.1111/j.1365-2036.2010.04232.x 

 49. Bassiouny, MA, and Yang, J. Influence of drinking patterns of carbonated beverages on dental Erosion. Gen Dent. (2005) 53:205–10.

 50. Gallus, S, Turati, F, Tavani, A, Polesel, J, Talamini, R, Franceschi, S , et al. Soft drinks, sweetened beverages and risk of pancreatic Cancer. Cancer Causes Control. (2011) 22:33–9. doi: 10.1007/s10552-010-9665-8 

 51. Behl, M, Willson, CJ, Cunny, H, Foster, PMD, McIntyre, B, Shackelford, C , et al. Multigenerational reproductive assessment of 4-Methylimidazole administered in the diet to Hsd:Sprague Dawley Sd rats. Reprod Toxicol. (2020) 98:13–28. doi: 10.1016/j.reprotox.2020.03.005

 52. National Toxicology Program. Toxicology and carcinogenesis studies of 4-Methylimidazole (Cas no. 822-36-6) in F344/N rats and B6c3f1 mice (feed studies). Natl Toxicol Program Tech Rep Ser. (2007) 535:1–274.

 53. Mueller, NT, Odegaard, A, Anderson, K, Yuan, JM, Gross, M, Koh, WP , et al. Soft drink and juice consumption and risk of pancreatic Cancer: the Singapore Chinese health study. Cancer Epidemiol Biomark Prev. (2010) 19:447–55. doi: 10.1158/1055-9965.Epi-09-0862 

 54. Genkinger, JM, Li, R, Spiegelman, D, Anderson, KE, Albanes, D, Bergkvist, L , et al. Coffee, tea, and sugar-sweetened carbonated soft drink intake and pancreatic Cancer risk: a pooled analysis of 14 cohort studies. Cancer Epidemiol Biomark Prev. (2012) 21:305–18. doi: 10.1158/1055-9965.Epi-11-0945-t

 55. Khan, MM, Goto, R, Kobayashi, K, Suzumura, S, Nagata, Y, Sonoda, T , et al. Dietary habits and Cancer mortality among middle aged and older Japanese living in Hokkaido, Japan by Cancer site and sex. Asian Pac J Cancer Prev. (2004) 5:58–65.

 56. Koyratty, N, McCann, SE, Millen, AE, Nie, J, Trevisan, M, and Freudenheim, JL. Sugar-sweetened soda consumption and Total and breast Cancer mortality: the Western New York exposures and breast Cancer (web) study. Cancer Epidemiol Biomark Prev. (2021) 30:945–52. doi: 10.1158/1055-9965.Epi-20-1242

 57. Lagergren, J, Viklund, P, and Jansson, C. Carbonated soft drinks and risk of esophageal adenocarcinoma: a population-based case-control study. J Natl Cancer Inst. (2006) 98:1158–61. doi: 10.1093/jnci/djj310 

 58. McCullough, ML, Teras, LR, Shah, R, Diver, WR, Gaudet, MM, and Gapstur, SM. Artificially and sugar-sweetened carbonated beverage consumption is not associated with risk of lymphoid neoplasms in older men and women. J Nutr. (2014) 144:2041–9. doi: 10.3945/jn.114.197475 

 59. Zhang, X, Albanes, D, Beeson, WL, van den Brandt, PA, Buring, JE, Flood, A , et al. Risk of Colon Cancer and coffee, tea, and sugar-sweetened soft drink intake: pooled analysis of prospective cohort studies. J Natl Cancer Inst. (2010) 102:771–83. doi: 10.1093/jnci/djq107 

 60. Bergmann, U, Funatomi, H, Yokoyama, M, Beger, HG, and Korc, M. Insulin-like growth factor I overexpression in human pancreatic Cancer: evidence for autocrine and paracrine roles. Cancer Res. (1995) 55:2007–11.

 61. Peeters, K, Van Leemputte, F, Fischer, B, Bonini, BM, Quezada, H, Tsytlonok, M , et al. Fructose-1,6-bisphosphate couples glycolytic flux to activation of Ras. Nat Commun. (2017) 8:922. doi: 10.1038/s41467-017-01019-z 

 62. Yin, T, Li, J, Wang, Y, Liu, K, Long, T, and Cheng, L. Artificially sweetened beverage consumption and Cancer risk: a comprehensive dose-response Meta-analysis of prospective studies. Nutrients. (2022) 14:4445. doi: 10.3390/nu14214445 

 63. Jatho, A, Cambia, JM, and Myung, SK. Consumption of artificially sweetened soft drinks and risk of gastrointestinal Cancer: a Meta-analysis of observational studies. Public Health Nutr. (2021) 24:6122–36. doi: 10.1017/s136898002100104x 

 64. 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

 65. Huth, PJ, Fulgoni, VL, Keast, DR, Park, K, and Auestad, N. Major food sources of calories, added sugars, and saturated fat and their contribution to essential nutrient intakes in the us diet: data from the National Health and nutrition examination survey (2003–2006). Nutr J. (2013) 12:1–10. doi: 10.1186/1475-2891-12-116

 66. Mahmood, M, Saleh, A, Al-Alawi, F, and Ahmed, F. Health effects of soda drinking in adolescent girls in the United Arab Emirates. J Crit Care. (2008) 23:434–40. doi: 10.1016/j.jcrc.2008.06.006 

 67. Nettleton, JA, Lutsey, PL, Wang, Y, Lima, JA, Michos, ED, and Jacobs,DR Jr. Diet soda intake and risk of incident metabolic syndrome and type 2 diabetes in the multi-ethnic study of atherosclerosis (Mesa). Diabetes Care. (2009) 32:688–94. doi: 10.2337/dc08-1799 

 68. Fiore, M, Cristaldi, A, Okatyeva, V, Lo Bianco, S, Oliveri Conti, G, Zuccarello, P , et al. Dietary habits and thyroid Cancer risk: a hospital-based case-control study in Sicily (South Italy). Food Chem Toxicol. (2020) 146:111778. doi: 10.1016/j.fct.2020.111778 

 69. Tavani, A, Negri, E, Franceschi, S, Talamini, R, and La Vecchia, C. Coffee consumption and risk of non-Hodgkin's lymphoma. Eur J Cancer Prev. (1994) 3:351–6. doi: 10.1097/00008469-199407000-00008

 70. 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 

 71. Radosavljević, V, Janković, S, Marinković, J, and Djokić, M. Fluid intake and bladder Cancer. A Case Control Study. Neoplasma. (2003) 50:234–8.

 72. Jones, GS, Graubard, BI, Ramirez, Y, Liao, LM, Huang, WY, Alvarez, CS , et al. Sweetened beverage consumption and risk of liver Cancer by diabetes status: a pooled analysis. Cancer Epidemiol. (2022) 79:102201. doi: 10.1016/j.canep.2022.102201 

 73. Nöthlings, U, Murphy, SP, Wilkens, LR, Henderson, BE, and Kolonel, LN. Dietary glycemic load, added sugars, and carbohydrates as risk factors for pancreatic Cancer: the multiethnic cohort study. Am J Clin Nutr. (2007) 86:1495–501. doi: 10.1093/ajcn/86.5.1495 

 74. Xia, PF, Zhang, YB, Liu, G, and Pan, A. The application of energy adjustment models in nutritional epidemiology. Zhonghua Yu Fang Yi Xue Za Zhi. (2020) 54:228–32. doi: 10.3760/cma.j.issn.0253-9624.2020.02.022

 75. Gold, EB, Gordis, L, Diener, MD, Seltser, R, Boitnott, JK, Bynum, TE , et al. Diet and other risk factors for Cancer of the pancreas. Cancer. (1985) 55:460–7. doi: 10.1002/1097-0142(19850115)55:2<460::aid-cncr2820550229>3.0.co;2-v

 76. Slavin, JL, and Lloyd, B. Health benefits of fruits and vegetables. Adv Nutr. (2012) 3:506–16. doi: 10.3945/an.112.002154 

 77. Ruxton, CH, Gardner, EJ, and Walker, D. Can pure fruit and vegetable juices protect against Cancer and cardiovascular disease too? A review of the evidence. Int J Food Sci Nutr. (2006) 57:249–72. doi: 10.1080/09637480600858134 

 78. Pase, MP, Grima, N, Cockerell, R, and Pipingas, A. Habitual intake of fruit juice predicts central blood pressure. Appetite. (2015) 84:68–72. doi: 10.1016/j.appet.2014.09.019 

 79. Wojcicki, JM, and Heyman, MB. Reducing childhood obesity by eliminating 100% fruit juice. Am J Public Health. (2012) 102:1630–3. doi: 10.2105/ajph.2012.300719 

 80. Pan, B, Lai, H, Ma, N, Li, D, Deng, X, Wang, X , et al. Association of Soft Drinks and 100% fruit juice consumption with risk of Cancer: a systematic review and dose-response Meta-analysis of prospective cohort studies. Int J Behav Nutr Phys Act. (2023) 20:58. doi: 10.1186/s12966-023-01459-5 

 81. Marley, AR, Li, M, Champion, VL, Song, Y, Han, J, and Li, X. The association between Citrus consumption and melanoma risk in the Uk biobank. Br J Dermatol. (2021) 185:353–62. doi: 10.1111/bjd.19896 

 82. Farvid, MS, Holmes, MD, Chen, WY, Rosner, BA, Tamimi, RM, Willett, WC , et al. Postdiagnostic fruit and vegetable consumption and breast Cancer survival: prospective analyses in the Nurses' health studies. Cancer Res. (2020) 80:5134–43. doi: 10.1158/0008-5472.Can-18-3515 

 83. Heath, AK, Clasen, JL, Jayanth, NP, Jenab, M, Tjønneland, A, Petersen, KEN , et al. Soft drink and juice consumption and renal cell carcinoma incidence and mortality in the European prospective investigation into Cancer and nutrition. Cancer Epidemiol Biomark Prev. (2021) 30:1270–4. doi: 10.1158/1055-9965.Epi-20-1726 

 84. Malik, A, Afaq, F, Sarfaraz, S, Adhami, VM, Syed, DN, and Mukhtar, H. Pomegranate fruit juice for chemoprevention and chemotherapy of prostate Cancer. Proc Natl Acad Sci U S A. (2005) 102:14813–8. doi: 10.1073/pnas.0505870102 



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Sugar sweetened beverages, natural fruit juices, and cancer: what we know and what still needs to be assessed



		Introduction



		Methods



		Definition of SSBs



		Sweetened drinks and cancer incidence/mortality



		Non-carbonated SSBs



		Carbonated beverages



		Soda



		Natural fruit juices









		Conclusion



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fnut-10-1301335-g001.jpg
Sugar-sweetened beverages

Obesity Inflammation IGF-1 ‘ P;z]“e’;ﬁz‘s“
DNA damage
cancer

Development and
| progression |






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

Sugar sweetened beverages,
natural fruit juices, and cancer:
what we know and what still
needs to be assessed












OPS/images/crossmark.jpg
(®) Check for updates







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






