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Purpose: The effect of vitamin D level pertinent to colorectal cancer incidence, progression, or mortality risk is complicated, and study findings are mixed. Therefore, we evaluated whether serum vitamin D [25-hydroxyvitamin D, 25(OH)D] is associated with the incidence of sporadic colorectal cancer (CRC).

Methods: This study is a retrospective analysis of the relationship between serum 25(OH)D level and the risk of CRC. Age, sex, body mass index, history of polyp, disease conditions (i.e., diabetes), medications, and other eight vitamins were used as confounding factors. A total of 389 participants were enrolled in this study, including comprising 83 CRC patients without a family history and 306 healthy controls, between January 2020 and March 2021 at the Department of Colorectal Surgery and Endoscope Center at the Xinhua Hospital, Shanghai Jiao Tong University School of Medicine. Adjusted smoothing spline plots, subgroup analysis, and multivariate logistic regression analysis were conducted to estimate the relative risk between serum 25(OH)D and sporadic CRC risk.

Results: After fully adjusting the confounding factors, it was found that circulating 25(OH)D played a protective role in patients with CRC (OR = 0.76 [0.63, 0.92], p = 0.004) and that an adequate vitamin D level was significantly associated with a reduced CRC risk compared to vitamin D deficiency or sufficiency (OR = 0.31 [0.11, 0.9], p = 0.03). According to this study, statins did not affect the potential protective effects of vitamin D (OR = 1.02 [0.97, 1.08], p = 0.44) and may account for the inverse association between serum 25(OH)D and colorectal cancer.

Conclusion: An adequate level of serum 25(OH)D was associated with a reduced CRC risk, especially for the elderly. The finding on the absence of protective effect of vitamin D in the statin use subgroup, suggests it may be one of the substantial contributing confounders, and warrants further investigation.
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1. Introduction

Colorectal cancer (CRC) is the third most common cancer in men and the second in women worldwide (1), while most CRC cases are sporadic and non-inherited, which is influenced by the local gut environment and accumulation of mutations and epigenetic changes. In addition, genetic predisposition is a risk of CRC, and there are several other risk factors strongly associated with colorectal cancer, such as being overweight or obese, smoking, heavy alcohol use, being older, having a history of adenomatous polyps, and having type 2 diabetes (2). Nutrients such as vitamins are considered to play an important role in the development and prevention of colorectal cancer (3, 4). Vitamin D was highlighted as an important player in numerous diseases (5–8). Its anti-inflammatory, immunomodulatory, proapoptotic, and antiangiogenic effects on inhibiting carcinogenesis and curbing tumor growth are outstanding both in vivo and in vitro (9, 10). DINOMIT (including seven phases: disjunction, initiation, natural selection, overgrowth, metastasis, involution, and transition), a new model of cancer pathogenesis, is strongly linked to vitamin D deficiency (11).

However, the evidence on whether vitamin D intake or serum levels affect cancer incidence, progression, or mortality is mixed in observational studies and clinical trials. A large number of studies reported that higher intake or circulating vitamin D was associated with a decreased CRC risk (12–14). Conversely, these are null findings from randomized trials and systematic reviews (15–18). In the most recent meta-analysis of RCTs including 10 randomized clinical trials (the Vitamin D and Omega-3 Trial [VITAL] trial), results demonstrated that vitamin D supplementation does not affect cancer incidence but does significantly reduce total cancer mortality rates up to 13% (19). In some cases, the absence of vitamin D effects could be due to incompletely following guidelines for designing and analyzing nutritional clinical studies (20), or maybe driven by unknown confounders. In addition, few studies are focusing on the joint effects of multiple vitamin co-exposure in CRC. One prospective cohort study found the associations between circulating concentrations of six common vitamins (viz., VA, VD, VE, VC, VB12, and VB9) and all-cause and cause-specific mortality risks depending on different exposure patterns (21). A growing body of evidence indicated that vitamin D might exert its biological functions in concert with drugs that are linked with vitamin D absorption and/or metabolism pathway like statins (22). After multivariable adjustment, whether increasing levels of vitamin D were associated with reduced risk of CRC is worth studying.

Herein, we aim to figure out the substantial relationship between serum 25(OH)D and CRC risk in the Chinese population. Furthermore, we explored whether the association varies according to several CRC confounding factors, including sex, age, lifestyle, multivitamin status, medication, and polyp history. This allows us to better understand the experimental and observational results on the association between circulation 25(OH)D and a low risk of CRC.



2. Materials and methods


2.1. Subject recruitment

This retrospective analysis of serum 25(OH)D enrolled 83 CRC cases and 306 controls who underwent endoscopy procedures for disease screening and/or the periodic health examination between January 2020 and March 2021 from the Department of Colorectal Surgery and Endoscope Center at the Xinhua Hospital, Shanghai Jiao Tong University School of Medicine (Shanghai, China). All the participants were continuously enrolled for over 1 year. According to their medical records, 83 CRC cases who underwent radical resection with histopathologic or cytologic specimens available were confirmed by one or two pathologists. Other 306 subjects without any other cancer history, such as breast cancer and lung cancer, autoimmune disease, inflammatory bowel disease, severe infectious diseases, and a BMI < 30 are defined as controls. Controls were randomly selected with respect to age. Clinical and laboratory characteristics of patients with CRC and controls are presented in Supplementary Table 1. Demographic characteristics and other vitamin results of patients with CRC and controls according to clinical cutoff concentrations of serum 25(OH)D are presented in Supplementary Tables 2, 3, respectively. Serological examination records before surgery and/or colonoscopy were chosen to analyze.



2.2. Serum samples and biochemical analyses

For the analyses, 5 ml of fasting blood from all participants was collected 1 or 2 days before surgery and/or colonoscopy. The peripheral blood was collected in a serum separator tube, and samples could clot for 30 min before centrifugation at 1000g for 5 min. All peripheral blood samples were processed within 2 h of collection. Serum thiamine (VB1), riboflavin (VB2), pyridoxine (VB6), folic acid (VB9), cobalamin (VB12), vitamin C, vitamin A, and vitamin E were analyzed by using an automatic electrochemistry analyzer (LK3000VI, Lanbiao, Tianjin, China) using commercially available kits. Serum 25(OH)D was measured using the Architect i2000 chemiluminescence immunoassay analyzer (Abbott, Illinois, USA). Inter-assay coefficients of variation (CV%) of vitamin D were less than 6%, and others were less than 10%.



2.3. Statistical analysis

Sample characteristics for the participants were compared using descriptive statistics and tested for significance using the Kruskal–Wallis rank sum test for continuous variables and proportions for categorical variables. If the variable number was less than 10, Fisher’s exact probability test was used. For logistic regression analysis, a minimum of 10 outcome events per predictor variable (EPV) is recommended. Considering the Chinese population, judgment criteria for vitamin D levels are as follows: serum 25(OH)D of <25 nmol/L is defined as vitamin D deficiency, 25(OH)D of 25–50 nmol/L is considered vitamin D insufficiency, 25(OH)D of 50–75 nmol/L is vitamin D adequate, and ≥75 nmol/L is defined as vitamin D sufficiency (23, 24). We applied a single-factor analysis of variables for CRC risk including sex, age, history of polyp, BMI, concomitant diseases (diabetes and hypertension), medications (aspirin, statins, and ACEI), and serum vitamin (VB1, VB2, VB6, VB9, VB12, vitamin C, vitamin A, and vitamin E) as confounding factors. Adjusted smoothing spline plots of serum 25(OH)D by mixed factors were created to study the shape of the relationship of 25(OH)D with risk of CRC based on continuous 25(OH)D and 25(OH)D subgroups, respectively. A subgroup analysis examined the association between 25(OH)D and CRC risk according to sex, history of polyp, BMI, statin use, and age. A logistic regression model was used to test for interaction and compare the odds ratio (OR) and 95% confidence interval (CI) among the analyzed subgroups. Multivariable logistic regression models were used to investigate the effects of 25(OH)D and the other variables on the occurrence of CRC. The multivariable regression model adjusted for factors including age (<45, 45–59, 60–74, and ≥75), polyp history (yes or no), diabetes (yes or no), hypertension (yes or no), currently smoking (yes or no), alcohol (yes or no), aspirin use (yes or no), statin use (yes or no), ACEI use (yes or no), BMI (<18.5, 18.5–24.9, and 25–30), and other eight vitamins. The association analyses were performed in continuous 25(OH)D per 10 nmol/L and 25(OH)D groups, respectively. Stratified analyses and assessment of statistical interaction on the multiplicative scale were also performed in 25(OH)D sub-cohorts defined by sex, history of polyp, BMI, statin use, and age. All statistics were two-tailed, and a P-value of <0.05 was considered statistically significant. All data were analyzed and visualized using multiple R packages via The R Foundation1 or SPSS 26.0. In the R package mgcv, the gam function was used to fit the generalized additive model on each tile separately.




3. Results

In this retrospective analysis, participants were classified into four categories, namely, deficient, insufficient, adequate, and sufficient, according to the serum 25(OH)D level, as described in the Section “2. Materials and methods.” Supplementary Figure 1 is a flowchart for participant recruitment. Table 1 describes the characteristics of the subjects, including demographic characteristics and other vitamin results. Individuals with higher serum 25(OH)D were less likely to have tumors than those with low serum 25(OH)D (16 vs. 34%, p = 0.13). Figure 1A presents an overall smoothing spline plot of continuous 25(OH)D and the risk of CRC. As serum 25(OH)D concentration increased, the incidence of CRC significantly declined. The reanalysis result was consistent when data were modified into four groups: vitamin D deficiency, insufficiency, adequate, and sufficiency (Figure 1B).


TABLE 1    Characteristics of the study participants according to clinical cutoff concentrations of serum 25(OH)D.
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FIGURE 1
Association between serum 25(OH)D and CRC. Adjusted for sex, age, polyp history, diabetes, hypertension, smoking, alcohol, aspirin, statins, ACEI, VB1, VB2, VB6, VB9, VB12, VC, VE, VA, and BMI. (A) Red solid line represents the spline plots of continuous 25(OH)D concentration, and the blue dotted line represent the 95% confidence intervals of the spline plots. (B) The bar plot of four-level serum 25(OH)D groups with adjusted mean and 95% CIs. Vitamin D deficiency: 25(OH)D < 25 nmol/L, vitamin D insufficiency: 25(OH)D 25–50 nmol/L, vitamin D adequate: 25(OH)D 50–75 nmol/L, and vitamin D sufficiency: 25(OH)D ≥ 75 nmol/L.


As a result of a single-factor analysis of CRC risk based on continuous 25(OH)D per 10 nmol/L, several factors, such as sex, age (<45, 45–59, 60–74, and ≥75), BMI (<18.5, 18.5–24.9, and 25–30), polyp history, and medications, were identified to have a strong relationship with CRC (Supplementary Table 4). As another step, we conducted a separate regression analysis using continuous 25(OH)D values stratified by sex, age, polyp history, BMI, concomitant diseases, smoking, alcohol, statin, and aspirin use. The associations of these exposures with CRC are presented in Figure 2 and Supplementary Table 5. After stratification by all confounding factors, the risk of CRC was decreased in all subgroups with elevated 25(OH)D, other than those who used statins (Figure 3; Supplementary Figure 2). There was no significant heterogeneity among analyzed subgroups based on sex, age, polyp history, BMI, concomitant diseases, smoking, alcohol consumption, and statin use, except for aspirin use.
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FIGURE 2
Association between 25(OH)D per 10 nmol/L and CRC according to baseline characteristics. BMI, body mass index.
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FIGURE 3
Association between continuous 25(OH)D per 10 nmol/L and CRC according to baseline characteristics. Smooth fitting curve adjusted for sex, age, polyps history, diabetes, hypertension, smoking, alcohol, aspirin, statins, ACEI, VA, VB1, VB6, VB9, VB12, VC, VE, VD, and BMI. (A) Aqua dashed line represents the spline plots of men and the red solid line represents those of women. (B) Aqua dashed line represents the spline plots of polyp history and red solid line represents participants without polyp. (C) Red solid line represents the spline plots of age < 45 years, green dashed line represents age between 45 and 59 years, aqua dotted line represents age between 60 and 75 years, and the purple dash-dotted line represents age ≥ 75 years. (D) Aqua dashed line represents the spline plots of statin treatment and red solid line represents participants without statin treatment. (E) Aqua dashed line represents the spline plots of aspirin use and red solid line represents participants without aspirin. (F) Red solid line represents the spline plots of BMI < 18.5, green dashed line represents BMI between 18.5 and 24.9, and blue dotted line represents BMI between 25 and 30.


It was noteworthy that our results indicated that 25(OH)D did not act as a protective factor but promoted the risk of CRC in participants receiving statins (OR = 1.02 [0.97, 1.08], p = 0.44) (Figure 3D). The remaining data showed that men had a much higher risk of CRC, and vitamin D had a stronger protective effect on men (OR = 0.97 vs. 0.98, p = 0.002) (Figure 3A). It was found that participants with a polyp history were more likely to report CRC, and the risk declined with higher serum vitamin D levels (Figure 3B). In the elderly (over 75 years old), vitamin D could have a significant effect on the prevalence of CRC (OR = 0.94 [0.89, 0.99], p = 0.02) as the CRC incidence was depicted as a U shape. In the other three age subgroups, the incidence decreased likewise (Figure 3C). Participants under aspirin medication at a low range of serum 25(OH)D were more likely to have CRC (Figure 3E). Consistent trends between 25(OH)D and CRC incidence in BMI categories, diabetes, hypertension, smoking, and alcohol consumption were found (Supplementary Figure 2).

Furthermore, a multivariate regression analysis was used to investigate the effects of serum 25(OH)D on CRC incidence (Table 2). When confounding factors are not taken into account, 25(OH)D can lead to a 40–50% reduction in CRC risk. After fully adjusting the confounding factors that may influence CRC occurrence, an adequate level of 25(OH)D is protective against CRC, based on subdivided vitamin D categories (OR = 0.31[0.11, 0.92], p = 0.03).


TABLE 2    Individual effect of serum 25(OH)D concentrations on CRC.
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4. Discussion

There is strong evidence that supports the UVB–vitamin D–cancer hypothesis that arose from an inspection of the geographic distribution of colon cancer deaths in the United States (25). In this study, we found that an adequate serum 25(OH)D level protected against sporadic CRC in the Chinese population and that this association was significantly modified by major factors, i.e., age, sex, polyp history, concomitant diseases, currently smoking, medications, BMI, and other vitamins. In addition, no significant interaction was found across each factor, except for aspirin. Furthermore, our results suggested that vitamin D was not a protective factor for the subgroup of statins and may contribute to an increased risk of CRC, which requires further investigation.

Several factors contribute to the pathogenesis of sporadic CRC, including genetics and environment, as well as diet and malfunctional gut microbiota, which is regarded as a key point (26, 27). Nutrients and foods also may cooperate, as a dietary pattern, to influence colorectal cancer risk. Rather than nutrition, vitamin D was considered to be a hormone. It may directly or indirectly mediate 3–5% of the human gene expression and had been confirmed in a wide spectrum of anticancer activities: anti-proliferation, induction of differentiation and apoptosis, anti-inflammation, inhibition of invasion and metastasis, and suppression of angiogenesis in experimental studies (9, 28).

It appeared that vitamin D has an inconsistent and intricate association with CRC risk. Low levels of 25(OH)D have been associated with increased cancer incidence and mortality in several observational studies (21, 29). In a meta-analysis of 16 prospective cohort studies with a large population (30), a 50 nmol/L (20 ng/mL) increase in 25(OH)D levels led to a reduction of 11% in cancer incidence rates and a 24% reduction in cancer mortality rates in women. Another meta-analysis of eight prospective studies on the association between serum 25(OH)D levels and cancer incidence and mortality found that cancer risk decreased by 7% and cancer mortality rates decreased by 2% with each increase in serum 25(OH)D levels of 20 nmol/L (8 ng/mL) (31). A Japanese prospective study found higher vitamin D concentration was associated with a lower risk of total cancer (32). The findings of these studies are consistent with the notion that vitamin D may have protective effects against cancer, but not all observational studies showed an association between higher vitamin D status and cancer prevention. There are null findings between vitamin D and CRC risk as well. A systematic review plus meta-analysis did not find evidence to suggest that vitamin D supplementation alone reduces the incidence of cancer or cancer mortality, even after including long-term follow-up results (15). A randomized, placebo-controlled trial found supplementation with vitamin D did not result in a lower incidence of invasive cancer than a placebo (17). Cumulating evidence reported a U-shaped effect of vitamin D on the risk relationship with diseases (33, 34). For standardization of serum total of 25(OH)D values above 100 nmol/L, a higher value than we observed, the risks did not continue to decrease (33). In this study, our results agreed with the conclusion that an adequate level, not the highest vitamin D concentration, led to the most beneficial outcome. However, the optimal serum 25(OH)D for colorectal cancer for the population of Asia may be different from international public health recommendations. Our findings suggested an adequate level of vitamin D (50–75 nmol/L) was preferred according to a Chinese consensus on bone health. Therefore, solid evidence from large population studies is needed to relate to determining nutrient recommendations.

It is important to understand the physiology of vitamin D because about half of the population is diagnosed with deficiency following clinical guidelines based on observational studies. Sources of vitamin D hormones included both endogenous sources, i.e., ultraviolet light, and exogenous sources, i.e., certain foods and dietary supplements. For both sources, the D3 carried in the bloodstream on either DBP or lipoproteins underwent a two-step sequential hydroxylation (25-hydroxylase and 1-alpha–hydroxylase) to produce an active metabolite, 1,25(OH)2D3 (also referred to as calciferol) (35). For dietary vitamin D3, it depended on the cytochrome P450 enzyme CYP27B1 polymorphism as well (36). Downstream vitamin D functioned by binding to and activating the nuclear VDR. A randomized clinical trial demonstrated that the effectiveness of vitamin D3 supplementation on advanced adenomas, but not on adenoma, varied according to genotype at two VDR SNPs (rs7968585 and rs731236). For rs7968585 with the AA genotype, vitamin D3 supplementation reduced risk by 64%. While for G or GG alleles, vitamin D3 supplementation increased the risk by 41% (37). In the meantime, the extrarenal production of 1,25(OH)2D3, likely for paracrine or autocrine uses, was recognized wildly in many tissues, including the epidermis and other epithelial tissues, bone, placenta, and tumors (38). The main reason was that CYP27B1 expression was induced in these extrarenal cells like colorectal carcinoma cells (39). However, the enzyme CYP24A1 or 24-hydroxylase, which degraded 1,25(OH)2D3 to inactive calcitroic acid, was reported upregulated in tumor cells or other cells. Some studies might not find any 1,25 (OH)2D3 effects after longer follow-up periods due to its degradation over time (10, 40). Meta-analyses of cancer incidence with respect to dietary intake had limited success (10). The effect of vitamin D supplementation at a given dose was presumably based on the baseline 25(OH)D level of the study population and the achieved vitamin D status after treatment (34). Clinical guidelines recommend measuring circulating 25(OH)D as a marker of vitamin D deficiency (41). Therefore, we accessed the association between circulating 25(OH)D and CRC risk rather than dietary vitamin D intake.

Over the past several decades, chemoprevention has been extensively studied as a strategy for reducing the risk of CRC. Aspirin has the strongest evidence that it can lower the risk of CRC (42). Although studies of aspirin prevention of CRC have produced mixed results, reporting both significant (43) and non-significant results (44), most evidence supported an association with decreased risk of CRC (45). In addition, the Aspirin in Reducing Events in Elderly (ASPREE) trial found that aspirin use increased mortality due to all causes and cancer-related mortality, as well as CRC risk (HR 1.77, CI [1.02–3.06]) (46). There were few studies on drug interactions between vitamin D and aspirin. Herein, in the aspirin subgroup, our results supported the beneficial role of aspirin and high-level vitamin D. We still have to work on knowledge gaps such as molecular mechanisms and the application of genomic tools to understand interaction better.

Statin is another important chemoprevention agent that is usually applied to lower cholesterol for the primary prevention of cardiovascular disease (CVD) events. Vitamin D supplements may interact with statin medications because cholecalciferol, the endogenous vitamin D precursor, is derived from cholesterol. Statins may reduce vitamin D synthesis downstream and increase the concentration of vitamin D in the blood (22, 47). Statins and vitamin D appear to compete for the same metabolizing Cytochrome P450 enzyme (48), so high intakes of vitamin D, especially from supplements, may reduce the potency of statins (47, 49). In addition, there is evidence that dysregulation of cholesterol and vitamin D metabolism is associated with age-related diseases (50). Here, we did not focus on the underlying mechanism between vitamin D and statins. But it is worth noting that the protective effect of vitamin D was absent in the statin use subgroup. Alternatively, it showed a significant association between statin use and increased risk of CRC. It supported the interaction and/or competition of vitamin D and statin metabolism existed and proposed an explanation for inconsistent results produced by epidemiological and clinical studies of statins and colorectal neoplasia.

Studies have suggested that a higher BMI greatly raises CRC risk among both men and women (51, 52). In our study, primary data analysis indicated an association between BMI and CRC risk, and serum vitamin D protected against CRC when BMI was ≤30 (data not shown). This assumed certain confounding factors existed, such as adiposity-associated metabolites, genetic variants, etc. The main VITAL study showed a possible reduction of total cancer incidence for individuals with normal BMI, but not for individuals with overweight or obesity (18). Body fat distribution and impaired adipose tissue function, rather than BMI, might be better indicators of risk. As reported that polyps were highly associated with CRC (53, 54), we also found that individuals with no polyp history and higher serum 25(OH)D appeared to be at lower risk for CRC.

Older adults were at increased risk of developing vitamin D deficiency, and vitamin D metabolism became impaired. Age-related decline in kidney function associated with progressive structural deterioration of the kidney could affect vitamin D metabolism, leading to the suppression of 1,25(OH)2D3 synthesis (55). One cohort research showed a higher dietary intake of vitamin D was associated with a reduced CRC risk in older adults in the framework of the PREDIMED cohort (12). As previously reported, among randomized VITAL participants (mean [SD] age: 67.1 [7.1] years), no significant differences in cancer incidence by vitamin D treatment were observed (18). We found a U-shaped correlation between serum 25(OH)D and the incidence of CRC in the elderly subgroup, indicating that an adequate level of vitamin D was more important for the elderly. Despite this, we should exercise caution when using high doses of vitamin D in older (19). Overall, we need a population-based study to explore the effect of each exposure of CRC incidence or recurrence.

Vitamin D plays a critical role in calcium and phosphate metabolism as well. A 4-year randomized clinical trial showed that supplementing with vitamin D3 and calcium did not significantly reduce all-type cancer risk among healthy postmenopausal women (56). Studies found that healthy women who took vitamin D and calcium supplements for an average of 7 years did not have a reduced incidence of colorectal cancer (57). A clinical trial based on an ancillary study of data from the VITAL trial revealed that colorectal adenomas or serrated polyps did not appear linked to vitamin D supplementation, but calcium and vitamin D together almost quadruple the risk (58). Moreover, as we all know, vitamins cannot be consumed separately in a daily diet. A growing body of evidence suggests that vitamin interactions are related to diseases (21). We are aware of fewer studies taking any single vitamin as a confounder factor to access the relationship between vitamin D and CRC risk. In view of the interaction with other metabolites like calcium and statins, vitamin D analogs were developed. Chemicals with similar structures and anticancer properties to vitamin D, but with fewer potential side effects (59).

In general, the population of our study for factors affecting CRC incidence was relatively small; therefore, a large population-based study would be needed to investigate the effects of each exposure on CRC. There are also several potential limitations in this retrospective study. First, as a retrospective analysis of observational studies with a limited population, we cannot rule out another residual or unknown confounding as a potential explanation for the observed findings. Nevertheless, we conducted consistent results based on two modeling data [continuous 25(OH)D per 10 ng/mL and 25(OH)D subdivided groups] that overall higher serum 25(OH)D was inversely related to sporadic CRC. Second, cohort studies are less susceptible to selective bias compared with case–control studies. As for case–control studies, the selection of cases may not be representative of all cases within the population. Herein, we obtained laboratory and clinical data of cases and controls before clinical diagnosis, which would be less susceptible to selective bias. Third, our study only performed one single serum 25(OH)D assessment before surgery. This assessment would be compromised if any changes occurred such as dietary habits influenced by diseases. Thus, we applied appropriate inclusion criteria and conducted subgroup and sensitivity analysis, we did not find serum 25(OH)D had significant interaction with other major exposures except for aspirin use.



5. Conclusion

This retrospective study indicated that an adequate serum 25(OH)D is associated with a lower CRC risk. The association between vitamin D and CRC risk was modified by sex, age, polyp history, disease conditions, medications, BMI, and other CRC-related vitamin levels. Our findings supported the hypothesis that vitamin D may grant protection against the risk of cancer. Nonetheless, the lower risk associated with higher circulating vitamin D concentration seemed to show a U-shaped effect, suggesting the highest 25(OH)D level may not provide optimal benefits, especially for the elderly (≥75 years old). The role of serum 25(OH)D and its interaction with other nutrition, genetic variants, cancer subsites, prognosis, and mortality on CRC should be subject to further studies.



Data availability statement

The datasets presented in this article are not readily available for ethical reasons. Requests to access the datasets should be directed to the corresponding authors.



Ethics statement

This present study conformed to the principles of the Declaration of Helsinki. Approval was obtained from the Research Ethics Committee of the Xinhua Hospital Affiliated to Jiao Tong University School of Medicine. The patients/participants provided their written informed consent to participate in this study.



Author contributions

YM designed the study and performed the statistical analysis. YM, LD, and YH collected the data. YM and YZ wrote the manuscript. PW and LS critically revised the manuscript. All authors contributed to the data interpretation and edited, reviewed, and approved the final manuscript.



Funding

This study was supported by the Program for Shanghai Rising Stars of Youth Medical Talents-Clinical Laboratory Practitioner Program (No. [2021]99). The funders had no role in the design or conduct of the study, the collection, analysis, or interpretation of the data, or the preparation, review, or approval of the manuscript.



Acknowledgments

We would like to thank the participants and staff of the Xinhua Hospital for their valuable contributions, as well as Dr. Chao-Yan Yue for her advice and help with statistical analysis.



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.2023.1024849/full#supplementary-material



Abbreviations

CRC, colorectal cancer; 25(OH)D, 25-hydroxyvitamin D; OR, odds ratio; VDR, vitamin D receptor; BMI, body mass index; ACEI, angiotensin-converting enzyme inhibitors; VB1, thiamine; VB2, riboflavin; VB6, pyridoxine; VB9, folic acid; VB12, cobalamin; CV, coefficients of variation; 95% CIs, 95% confidence intervals; SD, standard deviation.


Footnotes

1     http://www.r-project.org; version 3.4.3.


References

1. Siegel R, Miller K, Goding Sauer A, Fedewa S, Butterly L, Anderson J, et al. Colorectal cancer statistics, 2020. CA Cancer J Clin. (2020) 70:145–64. doi: 10.3322/caac.21601

2. Lawler M, Johnston B, Van Schaeybroeck S, Salto-Tellez M, Wilson R, Dunlop M, et al. 74 - Colorectal cancer. Sixth ed. In: Niederhuber J, Armitage J, Kastan M, Doroshow J, Tepper J editors. Abeloff’s Clinical Oncology. Philadelphia: Elsevier (2020). p. 1219–80.e15.

3. Song M, Chan A, Sun J. Influence of the gut microbiome, diet, and environment on risk of colorectal cancer. Gastroenterology. (2020) 158:322–40. doi: 10.1053/j.gastro.2019.06.048

4. Yang W, Ma Y, Smith-Warner S, Song M, Wu K, Wang M, et al. Calcium intake and survival after colorectal cancer diagnosis. Clin Cancer Res. (2019) 25:1980–8. doi: 10.1158/1078-0432.CCR-18-2965

5. Bouillon R, Manousaki D, Rosen C, Trajanoska K, Rivadeneira F, Richards J. The health effects of vitamin D supplementation: evidence from human studies. Nat Rev Endocrinol. (2022) 18:96–110. doi: 10.1038/s41574-021-00593-z

6. Zhou A, Selvanayagam J, Hypponen E. Non-linear mendelian randomization analyses support a role for vitamin D deficiency in cardiovascular disease risk. Eur Heart J. (2022) 43:1731–9. doi: 10.1093/eurheartj/ehab809

7. Jolliffe D, Camargo C Jr., Sluyter J, Aglipay M, Aloia J, Ganmaa D, et al. Vitamin D supplementation to prevent acute respiratory infections: a systematic review and meta-analysis of aggregate data from randomised controlled trials. Lancet Diabetes Endocrinol. (2021) 9:276–92. doi: 10.1016/S2213-8587(21)00051-6

8. Gall Z, Szekely O. Role of vitamin D in cognitive dysfunction: new molecular concepts and discrepancies between animal and human findings. Nutrients. (2021) 13:3672. doi: 10.3390/nu13113672

9. Feldman D, Krishnan A, Swami S, Giovannucci E, Feldman B. The role of vitamin D in reducing cancer risk and progression. Nat Rev Cancer. (2014) 14:342–57. doi: 10.1038/nrc3691

10. Munoz A, Grant W. Vitamin D and cancer: an historical overview of the epidemiology and mechanisms. Nutrients. (2022) 14:1448. doi: 10.3390/nu14071448

11. Garland C, Gorham E, Mohr S, Garland F. Vitamin D for cancer prevention: global perspective. Ann Epidemiol. (2009) 19:468–83. doi: 10.1016/j.annepidem.2009.03.021

12. Hernandez-Alonso P, Canudas S, Boughanem H, Toledo E, Sorli J, Estruch R, et al. Dietary vitamin D intake and colorectal cancer risk: a longitudinal approach within the PREDIMED study. Eur J Nutr. (2021) 60:4367–78. doi: 10.1007/s00394-021-02585-1

13. McCullough M, Zoltick E, Weinstein S, Fedirko V, Wang M, Cook N, et al. Circulating vitamin D and colorectal cancer risk: an international pooling project of 17 cohorts. J Natl Cancer Inst. (2019) 111:158–69. doi: 10.1093/jnci/djy087

14. Cruz-Pierard S, Nestares T, Amaro-Gahete F. Vitamin D and calcium as key potential factors related to colorectal cancer prevention and treatment: a systematic review. Nutrients. (2022) 14:4934. doi: 10.3390/nu14224934

15. Goulao B, Stewart F, Ford J, MacLennan G, Avenell A. Cancer and vitamin D supplementation: a systematic review and meta-analysis. Am J Clin Nutr. (2018) 107:652–63. doi: 10.1093/ajcn/nqx047

16. Keum N, Giovannucci E. Vitamin D supplements and cancer incidence and mortality: a meta-analysis. Br J Cancer. (2014) 111:976–80. doi: 10.1038/bjc.2014.294

17. Manson J, Cook N, Lee I, Christen W, Bassuk S, Mora S, et al. Vitamin D supplements and prevention of cancer and cardiovascular disease. N Engl J Med. (2019) 380:33–44. doi: 10.1056/NEJMoa1809944

18. Chandler P, Chen W, Ajala O, Hazra A, Cook N, Bubes V, et al. Effect of vitamin D3 supplements on development of advanced cancer: a secondary analysis of the VITAL randomized clinical trial. JAMA Netw Open. (2020) 3:e2025850. doi: 10.1001/jamanetworkopen.2020.25850

19. Keum N, Lee D, Greenwood D, Manson J, Giovannucci E. Vitamin D supplementation and total cancer incidence and mortality: a meta-analysis of randomized controlled trials. Ann Oncol. (2019) 30:733–43. doi: 10.1093/annonc/mdz059

20. Grant W, Boucher B, Al Anouti F, Pilz S. Comparing the evidence from observational studies and randomized controlled trials for nonskeletal health effects of vitamin D. Nutrients. (2022) 14:3811. doi: 10.3390/nu14183811

21. Cui Y, Zhou H, Wei M, Song W, Di D, Zhang R, et al. Multiple vitamin co-exposure and mortality risk: a prospective study. Clin Nutr. (2022) 41:337–47. doi: 10.1016/j.clnu.2021.12.010

22. Warren T, McAllister R, Morgan A, Rai T, McGilligan V, Ennis M, et al. The interdependency and co-regulation of the vitamin D and cholesterol metabolism. Cells. (2021) 10:2007. doi: 10.3390/cells10082007

23. Rusinska A, Pludowski P, Walczak M, Borszewska-Kornacka M, Bossowski A, Chlebna-Sokol D, et al. Vitamin D Supplementation guidelines for general population and groups at risk of vitamin D deficiency in poland-recommendations of the polish society of pediatric endocrinology and diabetes and the expert panel with participation of national specialist consultants and representatives of scientific societies-2018 update. Front Endocrinol. (2018) 9:246. doi: 10.3389/fendo.2018.00246

24. Xiangpeng L, Cengli Z, Honghong Z, Hanmin Z, Jianlie Z, Siren H, et al. Application guideline for vitamin D and bone health in adult Chinese (2014 Starter Edition). Chin J Osteoporos. (2014) 20:1011–30.

25. Garland C, Garland F. Do sunlight and vitamin D reduce the likelihood of colon cancer? Int J Epidemiol. (1980) 9:227–31. doi: 10.1093/ije/9.3.227

26. Flemer B, Lynch D, Brown J, Jeffery I, Ryan F, Claesson M, et al. Tumour-associated and non-tumour-associated microbiota in colorectal cancer. Gut. (2017) 66:633–43. doi: 10.1136/gutjnl-2015-309595

27. Vernia F, Longo S, Stefanelli G, Viscido A, Latella G. Dietary factors modulating colorectal carcinogenesis. Nutrients. (2021) 13:143. doi: 10.3390/nu13010143

28. Deeb K, Trump D, Johnson C. Vitamin D signalling pathways in cancer: potential for anticancer therapeutics. Nat Rev Cancer. (2007) 7:684–700. doi: 10.1038/nrc2196

29. Mondul A, Weinstein S, Layne T, Albanes D. Vitamin D and cancer risk and mortality: state of the science, gaps, and challenges. Epidemiol Rev. (2017) 39:28–48. doi: 10.1093/epirev/mxx005

30. Yin L, Ordonez-Mena J, Chen T, Schottker B, Arndt V, Brenner H. Circulating 25-hydroxyvitamin D serum concentration and total cancer incidence and mortality: a systematic review and meta-analysis. Prev Med. (2013) 57:753–64. doi: 10.1016/j.ypmed.2013.08.026

31. Han J, Guo X, Yu X, Liu S, Cui X, Zhang B, et al. 25-Hydroxyvitamin D and total cancer incidence and mortality: a meta-analysis of prospective cohort studies. Nutrients. (2019) 11:2995. doi: 10.3390/nu11102295

32. Budhathoki S, Hidaka A, Yamaji T, Sawada N, Tanaka-Mizuno S, Kuchiba A, et al. Plasma 25-hydroxyvitamin D concentration and subsequent risk of total and site specific cancers in Japanese population: large case-cohort study within Japan public health center-based prospective study cohort. BMJ. (2018) 360:k671. doi: 10.1136/bmj.k671

33. Durazo-Arvizu R, Dawson-Hughes B, Kramer H, Cao G, Merkel J, Coates P, et al. The reverse J-shaped association between serum total 25-Hydroxyvitamin D concentration and all-cause mortality: the impact of assay standardization. Am J Epidemiol. (2017) 185:720–6. doi: 10.1093/aje/kww244

34. Pilz S, Trummer C, Theiler-Schwetz V, Grubler M, Verheyen N, Odler B, et al. Critical appraisal of large vitamin D randomized controlled trials. Nutrients. (2022) 14:303. doi: 10.3390/nu14020303

35. Demer L, Hsu J, Tintut Y. Steroid hormone vitamin D. Circ Res. (2018) 122:1576–85. doi: 10.1161/CIRCRESAHA.118.311585

36. Fedirko V, Mandle H, Zhu W, Hughes D, Siddiq A, Ferrari P, et al. Vitamin D-related genes, blood vitamin D levels and colorectal cancer risk in Western European populations. Nutrients. (2019) 11:1954. doi: 10.3390/nu11081954

37. Barry E, Peacock J, Rees J, Bostick R, Robertson D, Bresalier R, et al. Vitamin D receptor genotype, vitamin D3 supplementation, and risk of colorectal adenomas: a randomized clinical trial. JAMA Oncol. (2017) 3:628–35. doi: 10.1001/jamaoncol.2016.5917

38. Bikle D. The endocrine society centennial: extrarenal production of 1,25 Dihyroxyvitamin D is now proven. Endocrinology. (2016) 157:1717–8. doi: 10.1210/en.2016-1186

39. Jacobs E, Van Pelt C, Forster R, Zaidi W, Hibler E, Galligan M, et al. CYP24A1 and CYP27B1 polymorphisms modulate vitamin D metabolism in colon cancer cells. Cancer Res. (2013) 73:2563–73. doi: 10.1158/0008-5472.CAN-12-4134

40. Henn M, Martin-Gorgojo V, Martin-Moreno J. Vitamin D in cancer prevention: gaps in current knowledge and room for hope. Nutrients. (2022) 14:4512. doi: 10.3390/nu14214512

41. Bikle D, Malmstroem S, Schwartz J. Current controversies: are free vitamin metabolite levels a more accurate assessment of vitamin D status than total levels? Endocrinol Metab Clin North Am. (2017) 46:901–18. doi: 10.1016/j.ecl.2017.07.013

42. Drew D, Cao Y, Chan A. Aspirin and colorectal cancer: the promise of precision chemoprevention. Nat Rev Cancer. (2016) 16:173–86. doi: 10.1038/nrc.2016.4

43. Rothwell P, Price J, Fowkes F, Zanchetti A, Roncaglioni M, Tognoni G, et al. Short-term effects of daily aspirin on cancer incidence, mortality, and non-vascular death: analysis of the time course of risks and benefits in 51 randomised controlled trials. Lancet. (2012) 379:1602–12. doi: 10.1016/S0140-6736(11)61720-0

44. Chubak J, Whitlock E, Williams S, Kamineni A, Burda B, Buist D, et al. Aspirin for the prevention of cancer incidence and mortality: systematic evidence reviews for the U.S. preventive services task force. Ann Intern Med. (2016) 164:814–25. doi: 10.7326/M15-2117

45. Cao Y, Nishihara R, Wu K, Wang M, Ogino S, Willett W, et al. Population-wide impact of long-term use of aspirin and the risk for cancer. JAMA Oncol. (2016) 2:762–9. doi: 10.1001/jamaoncol.2015.6396

46. McNeil J, Nelson M, Woods R, Lockery J, Wolfe R, Reid C, et al. Effect of aspirin on all-cause mortality in the healthy elderly. N Engl J Med. (2018) 379:1519–28. doi: 10.1056/NEJMoa1803955

47. Robien K, Oppeneer S, Kelly J, Hamilton-Reeves J. Drug-vitamin D interactions: a systematic review of the literature. Nutr Clin Pract. (2013) 28:194–208. doi: 10.1177/0884533612467824

48. Bhattacharyya S, Bhattacharyya K, Maitra A. Possible mechanisms of interaction between statins and vitamin D. QJM. (2012) 105:487–91. doi: 10.1093/qjmed/hcs001

49. Aloia J, Li-Ng M, Pollack S. Statins and vitamin D. Am J Cardiol. (2007) 100:1329. doi: 10.1016/j.amjcard.2007.05.024

50. Veldurthy V, Wei R, Oz L, Dhawan P, Jeon Y, Christakos S. Vitamin D, calcium homeostasis and aging. Bone Res. (2016) 4:16041. doi: 10.1038/boneres.2016.41

51. Recalde M, Davila-Batista V, Diaz Y, Leitzmann M, Romieu I, Freisling H, et al. Body mass index and waist circumference in relation to the risk of 26 types of cancer: a prospective cohort study of 3.5 million adults in Spain. BMC Med. (2021) 19:10. doi: 10.1186/s12916-020-01877-3

52. Bull C, Bell J, Murphy N, Sanderson E, Davey Smith G, Timpson N, et al. Adiposity, metabolites, and colorectal cancer risk: mendelian randomization study. BMC Med. (2020) 18:396. doi: 10.1186/s12916-020-01855-9

53. Song M, Emilsson L, Roelstraete B, Ludvigsson J. Risk of colorectal cancer in first degree relatives of patients with colorectal polyps: nationwide case-control study in Sweden. BMJ. (2021) 373:n877. doi: 10.1136/bmj.n877

54. Rutter M, East J, Rees C, Cripps N, Docherty J, Dolwani S, et al. British society of gastroenterology/Association of Coloproctology of Great Britain and Ireland/Public Health England post-polypectomy and post-colorectal cancer resection surveillance guidelines. Gut. (2020) 69:201–23. doi: 10.1136/gutjnl-2019-319858

55. Weinstein J, Anderson S. The aging kidney: physiological changes. Adv Chronic Kidney Dis. (2010) 17:302–7. doi: 10.1053/j.ackd.2010.05.002

56. Lappe J, Watson P, Travers-Gustafson D, Recker R, Garland C, Gorham E, et al. Effect of vitamin D and calcium supplementation on cancer incidence in older women: a randomized clinical trial. JAMA. (2017) 317:1234–43. doi: 10.1001/jama.2017.2115

57. Wactawski-Wende J, Kotchen J, Anderson G, Assaf A, Brunner R, O’Sullivan M, et al. Calcium plus vitamin D supplementation and the risk of colorectal cancer. N Engl J Med. (2006) 354:684–96. doi: 10.1056/NEJMoa055222

58. Song M, Lee I, Manson J, Buring J, Dushkes R, Gordon D, et al. No association between vitamin D supplementation and risk of colorectal adenomas or serrated polyps in a randomized trial. Clin Gastroenterol Hepatol. (2021) 19:128–35.e6. doi: 10.1016/j.cgh.2020.02.013

59. Pereira F, Larriba M, Munoz A. Vitamin D and colon cancer. Endocr Relat Cancer. (2012) 19:R51–71. doi: 10.1530/ERC-11-0388



OPS/images/fnut-10-1024849-t001.jpg
25(0OH)D (nmol/L)

25-50 | 50-75

No. of 41 (11%) 212 (55%) 111 (29%) 25 (6.4%)
participants
(%)
CRC,N (%) 14 (34%) 46 (22%) 19 (17%) 4(16%) 0.13
Age 66 £ 17 63+13 62+ 11 63+ 11 0.40
Sex 0.30

Female 20 (49%) 91 (43%) 38 (34%) 9 (36%)

Male 21 (51%) 121 (57%) 73 (66%) 16 (64%)
BMI 22 £2.7 23 2.7 23 +12.7 23:42.5 0.04
Vitamins
VB1 59413 5848 61 =9 60+9 0.03
(nmol/mL)
VB2 (ng/mL) | 241445 240 £ 41 240 £ 41 247 +37 0.87
VB6 20 +4.8 20+ 5.0 2053 20+43 0.82
(pmol/mL)
VB9 14+6.3 13 =55 14+ 55 15+6.1 0.31
(nmol/mL)
VB12 (pg/mL) | 269 £ 125 272 +99 271+ 83 282 +107 0.96
Vitamin A 0.714+0.22 | 0.80 £0.24 | 0.83+0.24 | 0.91 +0.27 0.005
(pmol/mL)
Vitamin C 43+74 39 152 40+ 4.9 39+41 < 0.001
(pmol/mL)
Vitamin E 11+£1.0 11+1.0 12412 1112 0.001
(ng/mL)
Diseases and medications
Polyp history | 4 (9.8%) 40 (19%) 27 (24%) 7 (28%) 0.16
Diabetes 5(12%) 42 (20%) 21 (19%) 3 (12%) 0.56
Hypertension | 28 (68%) 115 (54%) 50 (45%) 11 (44%) 0.06
Smoke 4(9.8%) 22 (10%) 20 (1%) 4(16%) 0.22
Alcohol 2 (4.9%) 17 (8.0%) 14 (13%) 3 (12%) 0.39
Aspirins 9 (22%) 29 (14%) 6 (5.4%) 2 (8%) 0.02
Statins 4(9.8%) 27 (13%) 11 (9.9%) 3 (12%) 0.87
ACEI 6 (14.6%) 4(1.9%) 3(2.7%) 1 (4%) < 0.001

BMI, body mass index; ACEL angiotensin converting enzyme inhibitors.

Values are means (SD) or numbers (%), otherwise specified.






OPS/images/fnut-10-1024849-t002.jpg
Incidence, Non-adjusted Adjust | Adjust Il Adjust Il

n (%)
OR (95% | P-value | OR(95% | P-value @ OR(95% | P-value | OR(95% | P-value
Cl) Cl) Cl) Cl)
Continuous 25(OH)D per 83 (21%) 0.8 (0.7, 0.9) 0.005 0.8 (0.7, 0.9) 0.002 0.8 (0.6, 0.9) 0.004 0.76 (0.63, 0.92) 0.004
10 nmol/L

Clinical cutoffs

<25 nmol/L 14 (34%) Reference Reference Reference Reference

25-50 nmol/L 46 (22%) 05 (0.3,1.1) 0.09 0.5(02,1.1) 0.09 05(02,12) 0.13 0.56 (0.22, 1.42) 022
50-75 nmol/L 19 (17%) 0.4 (0.2,0.9) 0.03 0.3(0.1,0.8) 0.02 0.3 (0.1,0.9) 0.03 0.31(0.11,0.92) 0.03
>75 nmol/L 4(16%) 0.4 (0.1, 1.3) 0.12 0.3(0.1,1.2) 0.09 0.3(0.1,1.2) 0.10 0.32(0.07, 1.42) 0.14

Adjust I model was adjusted for sex, BMI grade, and age grade.
Adjust IT model was adjusted for sex, BMI grade, age grade, polyp history, diabetes, hypertension, smoking, alcohol, aspirin, statins, and ACEL.
Adjust ITI model was adjusted for sex, BMI grade, age grade, polyp history, diabetes, hypertension, smoking, alcohol, aspirin, statins, ACEI, VB1, VB2, VB6, VB9, VB12, VC, VA, and VE.





OPS/images/fnut-10-1024849-g002.jpg
Sex (n)
Female (158)
Male (231)
Pooled

Age, y (n)

< 45 (37) | o
45-59 (95) :

60-74 (203)
275 (54) I
Pooled
Polyps history (n)
No (311)
Yes (78)
Pooled
BMI,Kg/m? (n)

()

<18.5 (51) } o

18.5-24.9 (152)

25-30 (186)

Pooled
Diabetes (n)

No (318)

Yes (71) b o

Pooled
Hypertension (n)
No (185)
Yes (204)
Pooled
Current smoke (n)
No (339)
Yes (50) i

Pooled
Alcohol (n)
No (353)
Yes (36) I o

Pooled

Aspirin (n)
No (343)
Yes (46) i
Pooled

Statins (n)
No (344)
Yes (45)

()

Pooled

SRS SIS

£
h—d L]

0.8 0.9

1.0

OR (95% ClI)

0.98 (0.95, 1.01)
0.97 (0.96, 0.99)
0.97 (0.96, 0.99)

(

(

0.97 (0.91, 1.02)

1.00 (0.97, 1.03)

0.98 (0.96, 1.00)

0.94 (0.89, 0.99)

0.98 (0.96, 0.99)
)
)
)

0.97 (0.96, 0.99
0.98 (0.95, 1.00
0.98 (0.96, 0.99

0.97 (0.94,1.01)
0.98 (0.96, 1.00)
0.98 (0.96, 1.01)
0.98 (0.97, 0.99)

0.98 (0.96, 0.99)
0.99 (0.95, 1.03)
0.98 (0.96, 0.99)

0.97 (0.95, 0.99)
0.98 (0.96, 1.00)
0.98 (0.96, 0.99)

0.98 (0.97, 1.00)
0.97 (0.92, 1.02)
0.98 (0.97, 0.99)

0.98 (0.97, 1.00)
0.92 (0.85, 1.01)
0.98 (0.96, 0.99)

0.99 (0.97, 1.00)
0.87 (0.8, 0.95)
0.98 (0.96, 0.99)

0.98 (0.96, 0.99)
1.02 (0.97, 1.08)
0.98 (0.96, 0.99)

1.1

p value

0.22
0.002
0.001

0.24
0.81
0.09
0.02
0.006

0.007
0.09
0.002

0.12
0.09
0.16
0.008

0.006
0.48
0.005

0.01
(L2
0.003

0.02
0.23
0.008

0.02
0.08
0.007

10
0.002
0.006

0.002
0.44
0.004

p value for interaction

0.73

0.21

0.96

0.91

0.73

0.45

0.63

I

0.0003

0.13





OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Adequate vitamin D level associated with reduced risk of sporadic colorectal cancer



		1. Introduction



		2. Materials and methods



		2.1. Subject recruitment



		2.2. Serum samples and biochemical analyses



		2.3. Statistical analysis







		3. Results



		4. Discussion



		5. Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		Abbreviations



		Footnotes



		References

















OPS/images/fnut-10-1024849-g003.jpg
>

CRC incidence (%)

CRC incidence (%)

(@

CRC incidence (%)

0.6

0.5

03 04

0.2

0.1

0.0

1.0

0.8

0.6

0.4

0.2

0.0

0.2 0.4 0.6 0.8 1.0

0.0

Female

- - - Male

Polyp history

4 6 8 10 12
Age
— 45
- - - 45-59
----- 59-75
e
/o
o\
/ ‘

continuous 25(0OH)D per 10 nmol/L

0.8

0.6 0.8 1.0

04

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

Statins

—  No
-=-  Yes

2 4 6 8 10 12
Aspirin
— No
\ -== Yes
\
’
\ ; \
K 3
\
|
\
\4\
\
I I I | | |
2 4 6 8 10 12

continuous 25(OH)D per 10 nmol/L






OPS/images/fnut-10-1024849-g001.jpg
>

Incidence of CRC (%)

1.0

0.8

0.6

0.4

0.2

0.0

J.LLH.UL‘ILWIIIIII!IIIIIIIIWI.IIIILLIJIIULI.HHIHHIHI [ —
] T T

20

40 60 80 100 120
Continuous 25(OH)D nmol/L

Incidence of CRC (%)

0.5

0.4

0.3

0.2

0.1

0.0

Ajusted mean & 95% ClI

<25

25-50 50-75
25(0OH)D nmol/L





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

Adequate vitamin D level
associated with reduced risk of
sporadic colorectal cancer












OPS/images/logo.jpg
P frontiers | Frontiers in Nutrition







OPS/images/email.jpg





