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Abstract

Purpose—How micronutrients might influence risk of developing adenocarcinoma of the 

prostate has been the focus of a large body of research (especially regarding vitamins E, A, and 

D). Metabolomic profiling has the potential to discover molecular species relevant to prostate 

cancer etiology, early detection, and prevention, and may help elucidate the biologic mechanisms 

by which vitamins influence prostate cancer risk.

Methods—Prostate cancer risk data related to vitamins E, A, and D and metabolomics profiling 

from clinical, cohort, and nested case-control studies, along with randomized controlled trials, are 

examined and summarized, along with recent metabolomic data of the vitamin phenotypes.

Results—Higher vitamin E serologic status is associated with lower prostate cancer risk, and 

vitamin E genetic variant data support this. By contrast, controlled vitamin E supplementation 

trials have mixed results based on differing designs and dosages. Beta-carotene supplementation 

(in smokers) and higher circulating retinol and 25-hydroxy-vitamin D concentrations appear 

related to elevated prostate cancer risk. Our prospective metabolomics profiling of fasting serum 

collected 1-20 years prior to clinical diagnoses found lipid and energy/TCA cycle metabolites, 

including inositol-1-phosphate, lysolipids, alpha-ketoglutarate, and citrate, significantly associated 

with risk of aggressive disease.

Conclusions—Several active leads exist regarding the role of micronutrients and metabolites in 

prostate cancer carcinogenesis and risk. How vitamins D and A may adversely impact risk, and 

whether low-dose vitamin E supplementation remains a viable preventive approach, require further 

study.
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Introduction

How micronutrients might influence risk of developing adenocarcinoma of the prostate has 

been the focus of a large body of research, including large randomized controlled 

supplementation trials, serologic analyses within prospective cohorts, laboratory 

experiments, and mechanistic studies. Although a wide range of vitamins and minerals have 

been pursued, more abundant and actionable data exist for vitamins E, A, and D. 

Additionally, metabolomic profiling is a relatively new analytic tool that measures a broad 

array of low molecular weight biochemicals in blood and other biospecimens [1,2] and that 

has the potential to discover molecular species relevant to both micronutrient status and 

cancer etiology, early detection, and prevention. These untargeted analyses are similar to 

other agnostic approaches, such as genome-wide association studies, that have successfully 

identified new biological pathways related to vitamin metabolism and potentially involved in 

carcinogenesis (e.g., prostate cancer). Recent available research related to prostate cancer 

risk and vitamins E, A, and D, as well as their metabolomic profiling, are presented in this 

article.

Vitamins and Prostate Cancer

Vitamin E

Vitamin E is a fat-soluble vitamin that occurs naturally in eight forms – four tocopherols and 

four tocotrienols - however, alpha-tocopherol is the only form considered in the 

establishment of dietary intake requirements. Vitamin E is commonly found in oils, whole 

grains, nuts, seeds, and some green leafy vegetables. Interestingly, because of the types of 

oils consumed in the United States, the intake of gamma-tocopherol is greater than that of 

alpha-tocopherol, while in Europe alpha-tocopherol intake is greater [3,4]. A primary 

biological role of vitamin E is in vivo anti-oxidation, but it also improves immunity, has 

anti-angiogenic properties, and inhibits protein kinase C activity, cell adhesion, and cell 

proliferation [5,6].

In the mid-1980s, epidemiological and laboratory evidence suggested that alpha-tocopherol 

and beta-carotene were associated with lower risks of lung and other cancers. In 1985, the 

Alpha-Tocopherol, Beta-Carotene Cancer Prevention (ATBC) Study controlled trial was 

launched to test these hypotheses. Finnish male smokers (n=29,133) were randomized to 

four intervention groups based on a 2×2 factorial design: 50 mg (50 IU) alpha-tocopheryl 

acetate (ATA) alone, 20 mg beta-carotene alone, both supplements, or placebo [7]. The trial 

reported a 32% reduction in prostate cancer incidence in the men receiving ATA (beta-

carotene findings are discussed below)[8,9]. Subsequently, the Heart Outcomes Prevention 

Evaluation (HOPE) trial with 400 IU ATA daily [10] and the Physicians’ Health Study II 

(PHS-II) with 400 IU RRR-natural alpha-tocopherol supplementation every other day found 

no effect on prostate cancer incidence [relative risk (RR)= 0.98, 95% CI 0.76-1.26 and 
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hazard ratio (HR)=0.97, 95% CI 0.85-1.09, respectively] [10,11]. The Selenium and Vitamin 

E Cancer Prevention Trial (SELECT) tested 400 IU ATA daily, and although it initially 

reported no prostate cancer effect [12], further follow-up showed increased incidence 

(HR=1.17, 99% CI 1.004-1.36)[13]. Two other trials tested vitamin E in combination with 

other micronutrients – the SU.VI.MAX Trial using a 30 mg dose reported lower prostate 

cancer incidence among the men with normal baseline PSA [14], and the Heart Protection 

Study (HPS) found no incidence difference in response to 600 mg daily [15].

Several differences among these trials could account for the conflicting findings. For 

example, the vitamin E dosage in SELECT, HOPE, and HPS were at least 8-fold higher than 

in ATBC, and all ATBC participants were cigarette smokers, while only 4-25% were current 

smokers in the other trials [8,10,11,13-15]. It is of note that in PHS-II, prostate cancer 

incidence appeared elevated in the vitamin E arm among current smokers (HR=1.50, not 

significant). Another important factor was the pre-randomization prostate cancer screening 

in SELECT which probably eliminated most existing, clinically relevant adenocarcinomas 

(and hence <1% were stage T3 or higher and only 6-9% were Gleason 8-10) [13]. HPS 

(United Kingdom), SU.VI.MAX (France) and HOPE (multi-national) had no screening at 

entry, and while PHS-II also did not, it was conducted in the U.S. where routine PSA 

screening was common (and hence, fewer than expected advanced cases were diagnosed) 

[16]. By contrast, in the setting of little or no population PSA screening, the ATBC trial 

observed more advanced cases.

Most [17-27], but not all [28-30], epidemiologic evidence supports an inverse association 

between circulating vitamin E and supplementation and prostate cancer risk being limited to 

current or recent smokers [17-23], as well as those with more aggressive disease [17,23-27]. 

The most recent data supporting the ATBC trial findings for an ATA supplementation benefit 

comes from a pooled analysis of circulating nutrients and prostate cancer risk that included 

11,000 cases and 18,000 controls from 15 cohort studies that showed alpha-tocopherol 

concentrations were inversely associated with overall prostate cancer risk (RR=0.86, 95% 

CI: 0.78, 0.94; P-trend=0.001 for highest vs. lowest quintile), and particularly with 

aggressive disease (RR=0.74, 95% CI: 0.59, 0.92; P-trend=0.001) [31].

An alternative approach we recently pioneered for testing micronutrient-cancer risk 

associations utilizes genetic proxies of vitamin biochemical phenotypes. Generally referred 

to as “Mendelian randomization” analyses, persons are classified regarding “exposures” 

based on the single nucleotide polymorphism (SNP) genetic variants related to that exposure 

phenotype and disease relative risks are calculated (for our purposes, lower or higher 

vitamin biochemical status in relation to cancer risk), which minimizes or eliminates 

potential confounding biases inherent in observational studies. With regard to vitamin E, we 

identified genetic variants related to higher serum alpha-tocopherol concentrations in a 

genome-wide association study (GWAS) [32], and demonstrated that a “high vitamin E” 

variant in a gene region involved in vitamin E transport (BUD13) was associated with lower 

prostate cancer risk (OR=0.75; 95% CI: 0.58, 0.98 per high vitamin E allele) [33]. Two other 

vitamin E genes (i.e., CYP4F2, and SCARB1) showed weaker associations with risk [33]. 

TTPA and SEC14L2, two other genes associated with circulating α-tocopherol, were not 

directly associated with prostate cancer risk in a case-only analysis of men with prostate 
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cancer in California [34] or in the ATBC Study, although the effect of the ATA 

supplementation on prostate cancer risk differed by SEC14L2 genotype [35].

In summary, observational studies of circulating vitamin E and prostate cancer suggest that 

higher plasma/serum alpha-tocopherol may be associated with reduced risk for advanced 

disease or in particular subgroups such as smokers. This association is biologically 

plausible, but could also be due to confounding by other unmeasured risk factors. Some 

analyses of vitamin E genetic variants as proxies for biochemical status that avoid such 

biases are supportive of a protective association for vitamin E. Controlled supplementation 

trials have given mixed results, with low and high doses appearing protective and harmful, 

respectively, and populations routinely screened for prostate cancer may not appear to 

benefit from any inhibitory effects of supplementation on growth of sub-clinical tumors. 

Additional biomarker studies, including metabolomics profiling that evaluates serum status 

or response to vitamin E supplementation (described below), as well as Mendelian 

randomization studies, may provide further clues regarding biological mechanisms relevant 

to any effects on prostate carcinogenesis.

Vitamin A and Pro-Vitamin A Carotenoids

In addition to its central role in maintaining healthy vision, vitamin A compounds including 

retinol exhibit anti-neoplastic properties such as induction of apoptosis and cellular 

differentiation, and inhibition of cellular proliferation [36]. However, retinoids have also 

been shown to enhance tumor growth [37], possibly acting through the insulin-like growth 

factor I receptor [31] or sex steroids [38] to influence prostate cancer risk. Carotenoids are 

compounds found mainly in fruits and vegetables, and some can be enzymatically converted 

to vitamin A/retinol (i.e., beta-carotene, alpha-carotene, and beta-cryptoxanthin) [39]. 

Cancer preventive effects of carotenoids include their antioxidant/free-radical quenching 

activity and enhancement of immune surveillance, some of which derives from pro-vitamin 

A activity [40].

The ATBC trial described above found 23% higher prostate cancer incidence in men 

receiving 20 mg beta-carotene supplement daily [9], while two other trials reported no 

prostate cancer effect of 30 mg of beta-carotene (plus 25,000 IU retinyl palmitate) [41] or 50 

mg beta-carotene every other day [42]. Previous studies have elucidated biological pathways 

that are influenced by beta-carotene supplementation and that may be relevant to cancer in 

smokers; e.g., increased cellular proliferation was implicated in one immunohistochemical 

analysis [43].

From the prospective ATBC cohort, we found an elevated prostate cancer risk with higher 

baseline circulating retinol concentrations (HR=1.19, 95% CI 1.03-1.36, for highest vs. 

lowest quintile) for 29,133 participants (including 2,041 incident cases) [38]. Risk was 

similarly elevated for aggressive disease, with the greatest risk increase was for men with 

consistently high retinol (HR=1.31, 95% CI 1.08-1.59) [38]. Prior to our publication, most 

observational studies between circulating retinol and pro-vitamin A carotenoids included 

relatively few cases and suggested either inverse or no associations with prostate cancer 

[38]. Only two of the older studies indicated elevated risks for higher vitamin A status: a 

small study of 12 cases [44], and the PHS with 578 cases (OR=1.56, 95% CI 1.07-2.27 for 
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highest vs. lowest quintile)[25]. In PHS, alpha-carotene and beta-cryptoxanthin were not 

related to risk [25], but plasma beta-carotene appeared inversely associated with risk 

(OR=1.30, 95% CI 0.98-1.74 for lowest vs. highest quartile) [45].

The retinol findings in ATBC are supported by two other recent, larger analyses [31,46]. In 

the placebo arm of the Prostate Cancer Prevention Trial (PCPT), prostate cancer risk was 

significantly elevated with higher circulating retinol (OR = 1.30, 95% CI 1.00-1.68 for 

highest vs lowest quartile, n=974 cases) [46]. The risk association was stronger for high-

grade disease (OR= 1.74, 95% CI 1.14-2.68). Risk was also elevated with higher circulating 

alpha-carotene (OR= 1.32, 95% CI 1.01-1.73 for highest vs lowest quartile). No associations 

were noted with retinol or carotenoid concentrations and prostate cancer in the finasteride 

arm [46]. A large pooled study of over 11,000 cases and 18,000 controls found that higher 

levels of retinol were associated with elevated risk of prostate cancer (OR=1.13, 95% CI 

1.04-1.22 for highest vs lowest quintile) [31]. There were no associations with the pro-

vitamin A carotenoids beta-carotene, alpha-carotene, or beta-cryptoxanthin [31], findings 

supported by a recent meta-analysis [47]. The findings observed in the larger studies suggest 

that most prior studies were underpowered to detect the 20-30% risk excess observed for 

higher vitamin A status. Smoking and prostate cancer screening do not appear to have 

influenced the findings. While GWAS studies have identified genetic variants related to 

higher serum carotenoid and retinol concentrations [48,49], these have yet to be tested in 

relation to prostate cancer risk.

In summary, beta-carotene supplementation (in smokers) and higher circulating retinol 

concentrations appear to be associated with elevated risk of prostate cancer. Examination of 

prostate cancer risk associations with genetic variants related to retinol status, and 

metabolomics profiling of beta-carotene supplementation and circulating retinol and beta-

carotene (described below) could provide informative evidence to support or refute the 

findings.

Vitamin D

Vitamin D can be consumed via foods or supplements, or synthesized by the skin upon 

exposure to sunlight. Vitamin D is hydroxylated in the liver to 25-hydroxyvitamin D 

[25(OH)D, the circulating form of vitamin D that is considered the gold standard measure of 

vitamin D status and that is, therefore, measured in most epidemiologic studies], and then 

further hydroxylated in the kidney and other tissues to 1,25-dihydroxyvitamin D (the active 

form). The main biologic function of the active form of vitamin D is maintaining calcium 

homeostasis and regulating bone mineralization. However, vitamin D has also been shown 

experimentally to have anti-carcinogenic properties such as promoting apoptosis, 

differentiation, and immunomodulation, and inhibiting angiogenesis and proliferation [50].

While past meta-analyses concluded that circulating vitamin D was not associated with 

prostate cancer risk [51-53], many individual studies indicated positive associations [54-61]. 

Our ATBC Study was one of the first to show a significantly elevated risk of prostate cancer 

with higher circulating 25(OH)D (OR =1.56, 95% CI 1.15-2.12 for highest vs. lowest 

quintile), with stronger risk among men with aggressive (i.e. ≥ stage III or ≥ 8 Gleason sum) 

tumors (OR=1.70, 95% CI 1.05-2.76) [62]. Furthermore, we found risk to be most elevated 
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among men with simultaneously high concentrations of vitamin D binding protein (DBP), 

the major vitamin D transport molecule in circulation (OR= 1.81, 95% CI: 1.18–2.79 for 

highest vs. lowest quintile, p-trend = 0.001) [63]. The most recent meta-analysis that 

includes 12,000 cases concludes that higher 25(OH)D status is associated with a significant 

elevated risk of prostate cancer (OR=1.17, 95% CI 1.05-1.30) [64]. Two recent studies not 

included in the meta-analyses are the PCPT trial, which showed a non-significant positive 

association (OR=1.18, 95% CI 0.91–1.53 for highest vs. lowest quartile) [65], and the 

SELECT trial, which reported a U-shaped association, with the lowest risk for men with 

average vitamin D status (OR=0.74, 95% CI 0.59-0.92 for the third vs. first quintile) [66]. 

Figure 1 summarizes the current prospective data for 25(OH)D and prostate cancer risk.

Earlier studies of polymorphisms in candidate genes examined variation in the vitamin D 

receptor gene, VDR, as well as other vitamin D-pathway genes such as CYP27B1, GC, and 

CYP24A1, and did not find evidence of prostate cancer risk associations [67]. Using a 

similar GWAS approach to that used for vitamin E, we and others agnostically identified 

novel variants in GC, CYP24A1, CYP2R1, and DHCR7 related to circulating vitamin D 

[68,69]. Examining these genotypes in relation to prostate cancer risk within the NCI Breast 

and Prostate Cancer Cohort Consortium revealed that men carrying more variants related to 

low vitamin D status had lower risk of aggressive prostate cancer compared men genetically 

predisposed to have higher circulating 25(OH)D (OR=0.66, 95% CI 0.44-0.98 for polygenic 

score of four SNPs) [70], thereby further supporting a direct association between vitamin D 

status and prostate cancer.

There is surprisingly little clinical trial data regarding vitamin D supplementation and 

prostate cancer. Because of the interest in vitamin D and calcium on osteoporosis risk, 

several trials have only been conducted in post-menopausal women [71,72]. Another trial 

reported only total, colon, and respiratory cancer incidence [73]. The RECORD Trial was a 

2×2 factorial design of 800 IU/day of vitamin D, 1000 mg calcium, both, or placebo, in 

which 85% of the participants were female. Although hazard ratios were not reported, 17 

prostate cancers occurred in the vitamin D supplementation groups compared with 12 in the 

non-vitamin D groups [74], and a RR of 1.14 (0.68-2.95) was calculated by the U.S. 

Preventive Services Task Force based on the data [75]. The ongoing VITAL Trial testing 

daily supplementation with 2,000 IU vitamin D and/or 1 g of omega-3 fatty acid in a 2×2 

factorial design should provide some prostate cancer incidence data in a few years [76].

As with the other nutrients discussed, many anti-cancer characteristics of vitamin D have 

been reported, but how it might promote carcinogenesis is speculative. Vitamin D can 

stimulate insulin synthesis and higher insulin status has been associated with higher prostate 

cancer risk [77]. The interaction we observed with vitamin D binding protein concentrations 

could indicate up-regulation of the megalin-cubilin cell membrane complex with a 

concomitant increase in SHBG-bound testosterone uptake [63]. As 25(OH)D concentrations 

are correlated with testosterone [78], future studies should evaluate 25(OH)D, insulin, and 

androgen hormones simultaneously.

In summary, some, but not all, observational studies indicate that circulating 25(OH)D 

concentration may be associated with an elevated risk of overall prostate cancer, although 
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the association with more aggressive disease remains understudied. Analyses of genetic data 

support this possibility, and metabolomic characterization of circulating 25(OH)D may 

increase our understanding of the association (described below).

Metabolomic Profiling of Vitamin Status and Prostate Cancer Risk

Metabolomics is a powerful and promising tool for characterizing the broad array of low 

molecular weight biochemicals (i.e., <1 kDa) in humans and other organisms. It is currently 

employed both in targeted studies to quantify specific known metabolites of interest and in 

untargeted or “broad-spectrum” agnostic research of a wide range of phenotypes including 

diet and nutritional status, body mass index, tobacco use, and health outcomes such as type 2 

diabetes, heart disease and cancer. Mass-spectrometry (MS) and nuclear magnetic resonance 

(NMR) platforms are the most commonly utilized [2]. The metabolites identified in such 

studies can have relevance to causal pathways, mediation, or underlying biological 

mechanisms, or may represent biochemicals not directly related to the phenotypes being 

examined. An increasing number of studies pursue the metabolomic profiling of cancer risk, 

progression and survival, and we have actively investigated profiling of response to 

controlled vitamin supplementation (e.g., in the ATBC trial), of vitamin biochemical status, 

and of prostate cancer risk. Findings from these recent studies are presented here.

Understanding metabolomic changes associated with vitamin supplementation or serologic 

status may provide further insights into the risk associations with prostate and other cancers. 

For example, an analysis in the ATBC Study comparing changes in the metabolome from 

pre- and post-supplementation blood samples in men receiving the trial beta-carotene 

supplement vs. those not receiving beta-carotene indicated altered xenobiotic metabolism 

[79]. This quantitative analysis of the pre- and post-supplementation serum identified 17 

metabolites that were increased in response to beta-carotene, with xenobiotics being 

overrepresented (p=0.00004). Our findings pointed to the likely induction of cytochrome 

P450 enzymes, including possibly CYP1A2 and CYP2E1 [80,81], with implications 

regarding dietary supplement-prescription medication interactions. In an analysis in the 

same study sample and using the same analytic strategies, we examined changes in the 

metabolome in response to the trial ATA supplementation, identifying 24 altered metabolites 

(AM Mondul, et. al., submitted). Five vitamin E-related compounds were highly 

significantly impacted, including α-carboxyethyl-hydroxychroman (CEHC) sulfate, α-

CEHC glucuronide, α-tocopherol, γ-tocopherol, and β-tocopherol. The structurally similar 

amino acids beta-alanine, ornithine, and N6-acetyllysine were also decreased by ATA 

supplementation. To our knowledge, no other studies have examined response to beta-

carotene supplementation, and only two have examined response to vitamin E 

supplementation in humans, but these studies were very different from the above described 

work as they included only 10 subjects each and supplemented (including with almonds) for 

only 2 or 4 weeks [82,83].

Agnostic examination of the human metabolome in relation to vitamin serologic status 

represents a similar approach to elucidating correlates of nutritional status and nutrient-

prostate cancer associations. For example, linear regression models in the ATBC Study 

identified 263 metabolites significantly associated with baseline serum retinol 
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concentrations, including N-acetyltryptophan, 1-palmitoleoylglycerophosphocholine, 1-

palmitoylglycerophosphoethanolamine, myo-inositol, urate, and the androgens 5alpha-

androstan-3beta,17beta-diol sulfate and 4-androsten-3beta,17beta-diol monosulfate (D 

Albanes, et. al. unpublished). A similar study of fasting serum 25(OH)D found 117 

metabolites significantly associated, the majority of which were lipids (SM Nelson, et. al., 

submitted). The strongest signals were for 3-carboxy-4-methyl-5-propyl-2-furanpropanoic 

acid (CMPF), stearoyl-arachidonoyl-glycerophosphoethanolamine (GPPE), erucoyl-

sphingomyelin, and two omega-3 essential fatty acids – eicosapentaenoate (EPA) and 

docosahexaenoate (DHA). Serum vitamin D was also associated with several amino acids, 

xenobiotics, and cofactor/vitamin metabolites. To our knowledge, there are no additional 

metabolomic studies of vitamins A or D serologic status, or of vitamin E supplementation. 

How the biochemicals identified in these analyses are related to metabolism of those 

vitamins or to prostate cancer risk requires investigation.

Several clinical studies have been conducted in prostate cancer patients to compare the 

metabolomics profiles of cases to non-cases, or across categories of clinical characteristics 

such as disease aggressiveness, recurrence, and survival. Recent reviews attempting to 

synthesize such post-diagnosis prostate cancer metabolomic data reveal diverse patient 

populations, study methods, laboratory platforms, and biological samples with mixed 

outcomes [84,85]. One focused on individual metabolite signals and found little replication 

across the clinical studies [85], while the other evaluated metabolite classes and metabolic 

pathways and noted patterns consistent with lipid and energy pathway dysregulation [84], 

similar to the pre-diagnostic prospective data described below. This apparent concordance at 

the pathway level across different study approaches is encouraging regarding our 

understanding of prostate cancer, and suggests it may be a more valuable approach for 

synthesizing data across studies than examining only individual metabolite signals.

To our knowledge, our research group has conducted and published the only two prospective 

studies of pre-diagnostic serum metabolome and subsequent risk of developing prostate 

cancer [86,87]. These studies evaluated pre-supplementation fasting serum collected from 

participants in the ATBC Study, described above [7], with the time from blood collection to 

prostate cancer diagnosis being 1-20 years. The first discovery analysis of 74 cases and 74 

controls oversampled aggressive, stage III/IV or Gleason sum >=8 cases, and identified 

several biochemicals of interest with respect to risk, including 1-stearoylglycerol, a 

monoacylglycerolipid (or lysolipid) (OR=0.34, 95% CI=0.20 - 0.58, p=6.3×10−5) and alpha-

ketoglutarate, an energy metabolite involved in the tricarboxylic acid (TCA) cycle 

(OR=0.53, 95% CI=0.35 – 0.81, p=0.003) [87]. Based on these novel findings, we 

conducted a larger study of 200 cases (of which 100 were aggressive cancers) and 200 

controls and showed similar statistically significantly associations with aggressive disease 

for lipids (metabolite class p=0.041) and energy/TCA cycle metabolites (p=0.018). This 

included replication of the original study signal for alpha-ketoglutarate (OR=0.69, 95% 

CI=0.51-0.94, p=0.02), and identification of another TCA cycle member, citrate, among the 

top metabolites (OR=0.69, 95% CI=0.50 – 0.95, p=0.02)[86]. These strong findings for 

lipids and energy metabolites are consistent with a large body of basic and clinical research 

that indicates lipid and energy dysregulation in the development of many cancers, including 

prostate cancer [88-90]. Interestingly, we observed qualitative differences in the lipid sub-
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classes that were associated with prostate cancer risk diagnosed within 10 years of blood 

collection versus those diagnosed 10-20 years after blood collection [86]. Similar analyses in 

other prospective studies should help confirm and identify molecular species and pathways 

related to prostate cancer etiology, early detection, and prevention.

Moving forward in this emerging field will be challenging because the research is, by nature, 

heterogeneous in several respects. Metabolomics platforms or laboratory assays used for 

biospecimen analysis vary substantially and include NMR, high performance liquid 

chromatography (HPLC), MS in tandem with either liquid or gas chromatography (LC/MS 

or GC/MS), and enzyme-linked immunosorbent assay (ELISA) [91]. Metabolite limits of 

detection and sensitivity vary by analytical method, and sample preparation differences can 

introduce substantial variation in observed metabolite concentrations [91]. A wide variety of 

biological samples have been profiled for prostate cancer cases with diverse clinical and 

histopathological characteristics (e.g., stage and Gleason), including tissue from biopsies, 

radical prostatectomies, and distant metastases. Serum or plasma from both fasting and non-

fasting participants, as well as urine can be assayed [84,85]. Metabolomic profiling of such 

different samples and populations might be expected to yield diverse and inconsistent 

findings that will require synthesis and a more comprehensive concept of disease 

development and progression. The timing of specimen collection with respect to the natural 

history of prostate cancer, as well as the comparison group chosen, should be considered 

carefully when interpreting and synthesizing results across studies.

Metabolomics is a relatively new approach to the study of prostate and other cancers. It has 

been widely used in clinical studies with the goal of identifying biomarkers for early 

detection and prognosis. It has, however, been far less utilized as a method for elucidating 

novel pathways in prostate cancer etiology or for evaluating vitamin biochemical status or 

response to supplementation. Despite substantial epidemiologic research of prostate cancer, 

there are few well-established modifiable risk factors, and further metabolomics studies may 

shed light on this malignancy. Additional studies of the relationships between exposures 

such as vitamins and the metabolome can provide novel insight into the biological 

mechanisms that underlie the influence of these exposures on prostate and other cancers. It 

is important to note that some of the analyses presented here may not be generalizable to 

other populations; the background of cigarette smoke exposure, the fasting status of the 

participants at blood collection, and the higher stage distribution of the prostate cancer cases 

due to the lack of routine PSA screening between 1985 and 2010 in Finland all contribute to 

the distinctiveness of the ATBC Study population. At the same time, it is important to 

consider how discordant findings across populations may yield clues that increase our 

understanding of cancer etiology and biological mechanisms as much as, if not more so, 

than consistent study results.

Conclusions

Substantial research into the role of lipid-soluble vitamins and metabolites in prostate cancer 

risk and carcinogenesis has provided several active leads that continue to be vigorously 

investigated. Although trial and observational study findings have not been entirely 

consistent, they have pointed to specific population, exposure, clinical, and methodological 
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parameters that may provide further insights into the biological relationships and 

mechanisms of action. Specifically, how vitamins D and A may adversely impact the 

development of prostate cancer, and whether low-dose vitamin E supplementation remains a 

viable preventive approach, require further study. Newly discovered novel metabolomics 

patterns in men who are later diagnosed with prostate cancer should be replicated in diverse 

populations. It is anticipated that some of the underlying biology of the cumulative findings 

will represent breakthroughs that have translational relevance to prostate cancer prevention, 

early detection, and improved or more targeted therapeutic approaches.
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Figure 1. 
Forest plot of prospective epidemiologic studies of circulating 25(OH)D and risk of prostate 

cancer.

Square boxes represent the odds ratios, horizontal lines represent the 95% confidence 

intervals
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