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Abstract

Purpose Little is known about the aetiology of renal cell carcinoma (RCC). Components of one-carbon (1C) metabolism,
which are required for nucleotide synthesis and methylation reactions, may be related to risk of RCC but existing evidence
is inconclusive. We conducted a systematic review and independent exposure-specific meta-analyses of dietary intake and
circulating biomarkers of 1C metabolites and RCC risk.

Methods Medline and Embase databases were searched for observational studies investigating RCC or kidney cancer inci-
dence or mortality in relation to components of 1C metabolism and 12 eligible articles were included in the meta-analyses.
We used Bayesian meta-analyses to estimate summary relative risks (RRs) and 95% credible intervals (Crls) comparing the
highest versus lowest categories as well as the between-study heterogeneity.

Results We did not find convincing evidence of an association between any exposure (riboflavin, vitamin By, folate, vita-
min B ,, methionine, homocysteine, choline, or betaine) and RCC risk. However, vitamin B4 biomarker status did have a
protective (RR =0.62) but imprecise (95% Crl 0.39-1.14) effect estimate and folate intake had a notable association as well
(RR=0.85,95% Cr1 0.71-1.01).

Conclusion There was a lack of precision due largely to the low number of studies. Further investigation is warranted, espe-
cially for folate and vitamin B, which had consistent suggestive evidence of a protective effect for both dietary intake and
biomarker status. A unique strength of this review is the use of Bayesian meta-analyses which allowed for robust estimation
of between-study heterogeneity.
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Introduction

Renal cell carcinoma (RCC) comprises 90% of kidney can-
cers in adults and is the 13th most common cause of cancer
death globally [1, 2]. Relatively little is known about the
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folate, riboflavin, vitamin B, vitamin B ,, and methionine
[5]. RCC is of particular interest because kidney is one of
the few tissues in which betaine-homocysteine methyltrans-
ferase is produced and betaine or choline can be used as
the methyl donor in lieu of folate [6]. Therefore, the role
of 1C metabolism in RCC might differ from what has been
observed for other cancers.

The aim of this review was to systematically examine the
existing evidence on the association between components of
1C metabolism, both dietary intake and circulating biomark-
ers, and risk of RCC, and to present a quantitative summary
of these relationships by conducting meta-analyses.

Methods
Study selection

Medline and Embase databases were searched on April 5th,
2019 for records of observational studies related to RCC or
kidney cancer incidence or mortality and 1C metabolism.
A medical school librarian was consulted for selection of
search terms. The exposures were intake or circulating bio-
markers of riboflavin (vitamin B,), vitamin By, folate (vita-
min By), vitamin B ,, methionine, homocysteine, choline,
or betaine. The full search strategy for Medline is provided
in Online Resource 1.

Results from the database searches were combined and
duplicates were removed. Two investigators (JLC and AKH)
independently screened the titles and abstracts with a web-
based screening software and removed ineligible papers [7].
Papers were excluded if the exposure data did not represent
status prior to diagnosis. The full texts of the remaining
papers were read by both investigators and those meeting
all eligibility criteria were included in the systematic review.
The reference lists of all selected papers were searched for
additional eligible records and a forward citation search was
conducted to identify more recent papers that have cited the
selected records. Where multiple publications used data
from the same study with the same outcome of interest,
the most recently published record was kept. Only papers
examining individual nutrient exposures were included in
the meta-analyses.

Data extraction

Data collected for each paper included: author, publication
year, study name and location, study design, number of
cases, cohort size or number of controls, years of follow-up,
sex distribution, age range, measured exposures of interest,
outcome (RCC or all kidney cancer), covariates included
in the most comprehensively adjusted model, effect esti-
mate and 95% confidence interval (CI), and criteria for the
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Newcastle—Ottawa Scale (NOS) assessment. The summary
measure of interest was the relative risk (RR); however,
RCC is a sufficiently rare disease to also include odds ratios
(ORs), hazard ratios (HRs), and standardised incidence
ratios (SIRs) as reasonable approximations of the RR. If an
article reported pooled results from more than one study,
only the individual study results were used. All data were
collected by one investigator (JLC) and verified by a second
(AKH).

Quality assessment

After consideration of several quality assessment tools, the
NOS scale was selected as the most appropriate for use with
observational studies [8]. In the NOS system, a maximum
of 9 stars are awarded to each study, with stars deducted for
suboptimal study design or reporting. Studies with fewer
stars may be more prone to bias. We used a modified ver-
sion of NOS which was tailored for use with dietary data
and cancer outcomes and each study within each publication
was rated separately. There are separate sets of questions
for case—control versus cohort studies and nested case—con-
trol and case—cohort studies were rated on the cohort study
version.

Statistical analysis

Each exposure was modelled individually and dietary intake
and biomarkers were assessed separately. All dietary com-
ponents of 1C metabolism (riboflavin, vitamin By, folate,
vitamin B,, methionine, betaine, and choline) as well as
homocysteine were analysed if data were available from at
least two different studies (k>2). All effect estimates were
log-transformed for analysis.

A Bayesian approach was used for the meta-analyses to
estimate summary RRs and 95% credible intervals (Crls) for
the highest versus lowest category of the exposures. A Crl is
analogous to a confidence interval in frequentist analysis, but
it has the advantage of a more intuitive definition in that it
represents the probability that the population parameter lies
within the specified range conditional on the model and the
data [9]. The key difference between Bayesian and random-
effects frequentist analytical methods for meta-analysis is the
estimation of the between-study variance, 72, The random-
effects frequentist approach treats the variance as a known
quantity, whereas the Bayesian approach uses a distribution
to represent the uncertainty in 7>, Similar results are usually
obtained when & is large, but when the number of studies is
small the estimate of ©2 lacks precision, and results from the
frequentist method are less reliable in this case [10]. Since
the results of Bayesian analyses depend on both the prior
and the likelihood, it is important to consider a range of
prior distributions and assess their impact on the posterior



European Journal of Nutrition (2020) 59:3801-3813

3803

distribution. Therefore, a series of priors were used in this
analysis, selected on the basis of theoretical and empirical
reasoning. For the main model, the distribution for u (the
log relative risk, in this case) is normal with a mean of 0
and standard deviation of 0.82 and the distribution for 7 (the
between-study standard deviation) is log-normal with a log
mean of -3.27 and log standard deviation of 1.68. The dis-
tribution for p is derived from an assumption that a relative
risk of 5 is a generous upper limit for the expected estimated
effect and a standard deviation of 0.82 allows for 95% of the
distribution to be as or less extreme compared to this limit,
assuming a normal distribution. We consider this a “weakly
informative” prior distribution, in that it puts low probability
on implausible parameter values, and substantial probability
over the range of plausible parameter values. The distribu-
tion for 7 is suggested by Turner et al. for use in a meta-
analysis of a “major morbidity event” comparing non-phar-
macological exposures [11]. The prior was derived based
on observed heterogeneity in binary outcome meta-analyses
from the Cochrane Database of Systematic Reviews. This
method allows for incorporation of prior knowledge to refine
the estimated heterogeneity.

Two other Bayesian models were run to assess sensitivity
of the results to the prior distribution. The first uses the same
distribution for g and a half-normal distribution for z, which
has been shown to be an appropriate distribution in meta-
analyses with a small number of studies [12]. The second
employs a very weak prior for both ¢ and 7 and it is intended
to test the impact of extreme alteration of prior distributions.
We avoided using a uniform prior because placing equal
density across all real values would give too much weight
to implausible values. Frequentist random-effects and fixed-
effect models were run as well. The restricted maximum
likelihood estimator was used in the frequentist random-
effects models.

The primary outcome of interest was RCC. Because a
majority of kidney cancers in adults are RCC, studies assess-
ing risk of overall kidney cancer were included in a second-
ary analysis to increase the number of studies available.

Multiple sensitivity analyses, specified a priori, were
undertaken to assess the robustness of the results. Studies
with a lower NOS score are assumed to be more susceptible
to bias, so those with a NOS score less than seven were
excluded for the first sensitivity analysis. For the next sen-
sitivity analysis, all case—control studies were excluded for
dietary intake exposures to avoid the risk of recall bias from
retrospectively collected data. Finally, we conducted analy-
ses on dietary intake exposures for food consumption only,
excluding supplement use, because of the differences in bio-
availability and data collection methods.

Funnel plots were visually inspected to check the risk
of publication bias and heterogeneity was assessed with 7

and I? based on the posterior distribution of 7. I is an intui-
tive measure of heterogeneity, indicating the percentage of
total variation in the estimated associations due to between-
study heterogeneity. We have also reported 72, indicating the
between-study variance because, unlike 12, it is not depend-
ent on the number or size of included studies [13].

Meta-analyses were done using R 3.6.0 [14], the bayes-
meta package [15], and the metafor package [16].

Results
Literature search

Figure 1 shows the results of the database search and study
selection. The database searches produced 455 total records
and 113 duplicates were removed, leaving 342 unique
records. After title and abstract review, 317 records were
deemed ineligible, leaving 25 records for full-text review.
Of these 25, 9 were excluded for no exposure of interest, 1
was excluded for exposure measured after diagnosis, 2 were
excluded for no outcome of interest, and 1 was excluded
due to multiple publications from the same study popula-
tion. The 12 remaining records were included in the review.
Additionally, the references and forward citations of these 12
records were searched and 1 additional record was identified.
Therefore, a total of 13 records were included in the system-
atic review. One of these papers examined B-complex vita-
mins rather than individual nutrients and was excluded from
the meta-analyses, therefore 12 records were included in the
meta-analyses. Of these 12, 8 examined incident RCC risk
and 4 examined risk for any type of kidney cancer. Two of
the eight RCC outcome publications included data from two
studies each, so a total of ten studies were included in the
RCC meta-analyses. Of the ten studies, three included ribo-
flavin intake, five included vitamin B intake, six included
folate intake, three included vitamin B, intake, two included
methionine intake, two included choline intake, and two
included betaine intake. For biomarkers, analyses from the
same two studies, the European Prospective Investigation
into Cancer and Nutrition (EPIC) and the Alpha-Tocopherol
Beta-Carotene Cancer Prevention Study (ATBC), included
riboflavin, folate, vitamin B ,, and homocysteine, and these
two studies plus the Melbourne Collaborative Cohort Study
(MCCS) included vitamin B4. There was a mean of 2.8 stud-
ies per exposure. There were not enough studies examin-
ing mortality to be able to perform meta-analysis on this
outcome.
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Study characteristics

The 13 papers were published between 1997 and 2018
and they included a total of 13 different study populations
(Table 1) [17-29]. Five of these studies were conducted in
Europe, six were in North America, one in Australia, and
one in South America. Two studies were restricted to women
only, two restricted to men only, and the remaining nine
enrolled both sexes.

@ Springer

Quality assessment

Out of a maximum of nine stars, study quality assessment
scores from the modified NOS scale ranged from five to
eight for case—control studies and four to nine for cohort
studies (including nested case—control and case—cohort
studies). The mean scores were 6.5 for case—control stud-
ies and 6.3 for cohort studies. The lowest scoring topics
were ascertainment of exposure in case—control studies and
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ascertainment of exposure plus representativeness of the
cohort for cohort studies.

Meta-analyses

Results for the meta-analyses of intake are presented in
Fig. 2. There was suggestion of a protective association for
intakes of riboflavin, vitamin By, folate and choline, but
estimates were accompanied by substantial uncertainty,
particularly for riboflavin and choline. The direction of
effect estimates varied between nutrients, with vitamin B,,
methionine, and betaine having relative risks greater than
1. The pooled estimates for highest versus lowest category

were as follows for intake exposure: RR=0.89 (95% Crl
0.70-1.13) for riboflavin, RR=0.86 (95% CrlI 0.71-1.04)
for vitamin B5, RR=0.85 (95% Crl 0.71-1.01) for folate,
RR=1.14 (95% Crl 0.87-1.49) for vitamin B,, RR=1.27
(95% CrI 0.89-1.82) for methionine, RR=0.88 (95% Crl
0.62—1.26) for choline, and RR =1.01 (95% CrI 0.69—1.49)
for betaine.

Figure 3 shows results of the meta-analyses of biomark-
ers. The pooled estimates for highest versus lowest concen-
tration category for biomarkers were as follows: RR =0.80
(95% Crl 0.57-1.14) for riboflavin, RR=0.62 (95% CrI
0.39-1.14) for vitamin B;, RR=0.79 (95% CrI 0.54-1.15)
for folate, RR=0.73 (95% Crl 0.51-1.06) for vitamin B,,
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Johansson 2014 EPIC - 0.84  [0.55,1.27]

i 0.79 [0.54, 1.15]

Vitamin B12 Biomarker Johansson 2014 EPIC ] 0.67 [0.46, 0.99]

Gibson 2010 . 0.87  [0.46, 1.63]

i 0.73 [0.51, 1.06]

Homocysteine Biomarker Johansson 2014 EPIC L] 0.85 [0.56, 1.30]

Gibson 2010 . 0.92  [0.51, 1.66]

e 0.88 [0.61,1.27]

0.25
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and RR=0.88 (95% Crl 0.61-1.27) for homocysteine. All
biomarkers showed estimates in the direction of a protec-
tive effect, however, the estimates were lacking precision.
No papers examined biomarker status for choline or betaine
and only one had results for methionine biomarker status,
hence these three exposures could not be included in the
meta-analyses.

Visual inspection of funnel plots for intake and biomark-
ers did not indicate publication bias. However, the low num-
ber of included primary studies for most exposures precludes
any reliable assessment of publication bias. Posterior dis-
tributions for 7 indicated a lack of between-study heteroge-
neity for all exposures except vitamin B, biomarker status
(Table 2).

Sensitivity analyses

Overall, the frequentist random-effects models gave similar
results to those from the main models (Online Resources
2-3). Vitamin B, biomarker status had a similar esti-
mate but greater precision with the frequentist random-
effects model (RR=0.72, 95% CI 0.52-0.99). Estimates of
between-study heterogeneity were less extreme for the main
Bayesian model compared to the frequentist random-effects
estimates which ranged from I”=0% for 9 exposure to
I*=79.4% for vitamin B, biomarker status (Table 2). Bayes-
ian estimates for T were higher only when the frequentist
random-effects estimate was T =0 (Online Resources 4-5).

Table 2 Between-study heterogeneity for the Bayesian and frequen-
tist random-effects models

Exposure Bayesian (values based on the

posterior distribution of 7)

7% (95% Crl) ?©95%Ctl) 7* P

Frequentist
random-effects

Dietary intake

Riboflavin 0.001 (0-0.046) 1.7 (0-51.0) 0.000  0.000
Vitamin B 0.001 (0-0.023) 1.2 (0-33.6) 0.000  0.000
Folate 0.001 (0-0.039) 2.1 (0-49.1) 0.007 15.360
Vitamin B, 0.001 (0-0.046) 1.5(0-48.0) 0.000  0.000
Methionine 0.001 (0-0.1) 1.9 (0-64.6)  0.000  0.000
Choline 0.001 (0-0.084) 1.7 (0-60.1)  0.000  0.000
Betaine 0.002 (0-0.18)  2.9(0-76.8) 0.076 58.357
Biomarker status
Riboflavin 0.001 (0-0.077) 1.4 (0-54.8)  0.000  0.000
Vitamin By 0.047 (0-0.807) 37.0(0-90.9) 0.312 79.384
Folate 0.001 (0-0.09) 1.4 (0-56.4) 0.000  0.000
Vitamin B, 0.001 (0-0.097) 1.4 (0-57.7)  0.000  0.000
Homocysteine  0.001 (0-0.079) 1.3 (0-53.9) 0.000  0.000

The Bayesian method allows for uncertainty in the estimation of
heterogeneity and therefore 95% Crls are reported for the Bayesian
model parameters
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Frequentist fixed-effect model results differed from the
random-effects models only for exposure where the esti-
mate of I? was greater than 0%, namely folate intake and
vitamin B4 biomarker status. The effect estimate for folate
intake from the fixed-effect model compared to the random-
effects model was identical with a slightly more precise CI
(RR=0.85,95% CI 0.72-0.99) and the estimate for vitamin
B, biomarker status was slightly stronger (RR=0.58, 95%
CI 0.43-0.78) in the fixed-effect model.

There were no notable differences when analyses were
run with the other two Bayesian models (Online Resources
6-9). The point estimates were substantively and qualita-
tively unchanged for all exposures and the 95% Crls were
slightly wider for the first alternate Bayesian model and
much wider for the second alternate Bayesian model.

We also conducted an analysis with any kidney cancer
as the outcome rather than RCC. Two publications report-
ing kidney cancers replaced two older publications from the
same studies reporting RCC only (Nicodemus 2004 replaced
Prineas 1997 and Tavani 2012 replaced Bosetti 2006). Two
additional kidney cancer publications were added, so a total
of ten studies were available for analyses. Meta-analyses
were possible for only three exposures: riboflavin intake,
folate intake, and vitamin B,, biomarker concentration
(Online Resource 10). There was not a considerable change
for riboflavin intake (RR=0.89, 95% CrI 0.70-1.14) or
folate intake (RR =0.83, 95% Crl 0.70-0.998) compared to
the RCC-only results. The pooled estimate for vitamin B,
biomarker status changed most substantially, from RR=0.73
(95% Cr1 0.51-1.06) to RR=1.07 (95% Crl 0.55-2.24), and
there was considerable heterogeneity between primary stud-
ies (I?=75% for the posterior median of 7).

When including only studies with a NOS score of seven
or greater, only folate intake met the criteria of having a
different set of two or more studies available compared to
those included in the original analysis (Online Resource 11).
The pooled estimate was marginally weaker than that from
the main analysis (RR=0.93, 95% Crl 0.74-1.16, based on
three studies). Exposures already having only studies with
a NOS score of at least seven in the original analyses were
riboflavin biomarker status, vitamin B4 biomarker status,
folate biomarker status, vitamin B, biomarker status, and
homocysteine biomarker status.

Four studies examining dietary intake were included
after removing case—control studies (Online Resource 12).
For vitamin By intake, the two most protective estimates
were from case—control studies in the original model, so
the pooled estimate was weaker when these were dropped
(RR=0.92,95% Crl 0.69-1.23). Similarly, three of the four
most extreme estimates for folate intake were removed and
the resulting pooled estimate was weaker (RR=0.97, 95%
Crl 0.74-1.26). One case—control study was removed for
vitamin B, intake, leaving only the two estimates from
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the Cho 2013 paper. Our pooled result (RR=1.22, 95%
Crl 0.86-1.73) was similar to that presented by Cho et al.
(RR=1.24, 95% CI 0.90-1.70) [22]. Unlike the other two
exposures analysed without case—control studies, the pooled
estimate for vitamin B, intake was stronger than from our
main analysis.

For estimates of food intake only, excluding supple-
ments, riboflavin (RR=0.92, 95% CrI 0.70-1.21), vitamin
B¢ (RR=0.88, 95% Crl 0.71-1.10), and folate (RR=0.90,
95% Crl 0.75-1.09) all had a slightly weaker pooled esti-
mate compared to the original models (Online Resource
13). The estimate for vitamin B, intake from food was
slightly stronger than that from the main analysis, but still
accompanied by substantial uncertainty (RR=1.21, 95% Crl
0.92-1.60).

Discussion

The purpose of this systematic review and meta-analysis was
to assess the existing evidence for an association between 1C
metabolites and RCC risk. None of the individual intake or
biomarker exposures analysed had a pooled estimate with
enough precision to indicate a clear association with RCC
risk. This lack of precision is largely attributable to the
low number of studies and in some cases to between-study
heterogeneity. There was a range of two to six studies per
exposure, and additional exposures of interest were left out
because they had fewer than two studies available. Areas
warranting further investigation were identified, including
the three B vitamins involved in the folate cycle (ribofla-
vin, vitamin B, and folate), which all had pooled estimates
suggestive of a protective association. This advocates for a
role by nucleotide synthesis in a mechanistic explanation of
association because of its direct link with the folate cycle.
There were four metabolites which were included in both
the intake and biomarker analyses (riboflavin, vitamin B,
folate, and vitamin B,) and each of these had a stronger
pooled RR for biomarker status over intake. There are mul-
tiple factors that affect the link from intake to circulating
concentration of a nutrient including biosynthesis by the
microbiome, variable rates of absorption and de novo syn-
thesis regulated by feedback mechanisms, uneven distribu-
tion between tissues and in circulation, and measurement
error, particularly in the measurement of dietary intake.
Vitamin B, was the only nutrient with a qualitative differ-
ence between intake (RR greater than 1) and biomarker sta-
tus (RR less than 1). Unlike the RCC-specific estimate, the
biomarker estimate including any kidney cancer (RR=1.07)
was in the same direction as the intake estimate; however,
there is considerable between-study heterogeneity for this
estimate largely driven by the Arendt 2013 study. This study
differed from the others in that the median follow-up time

after blood draw was only 3.5 years, so their results may be
more strongly affected by reverse causation.

Three exposures (methionine, choline, and betaine) only
included data from the NHS and HPFS studies within the
Cho 2013 paper, which also presented pooled results from
the two studies. The estimates found from our model were
very similar to those presented by Cho et al. [22].

Our analysis included three more RCC-specific studies
than the most recently published meta-analysis, and also
assessed additional key 1C metabolites choline and betaine.
Overall, our results are similar to those from the previous
meta-analysis, which found no clear associations with RCC
for any of the 1C metabolism intake or biomarker expo-
sures examined, though it did provide weak evidence for a
protective effect of vitamin B,, biomarker status [30]. The
dose-response portion of their meta-analysis determined that
riboflavin, vitamin B¢, and vitamin B, biomarker statuses
are inversely associated with RCC risk. Whilst we did not
complete a dose—response analysis because of differences
in intake adjustment methods and biomarker measurement
methods between studies, our results are broadly consistent
with those previously published.

1C metabolism may play a parallel role in kidney can-
cer and liver cancer, because these are the only two organs
where betaine can be used rather than only folate as the
methyl donor [6]. Research from the ATBC study found
no association of any 1C metabolite and risk of liver can-
cer, which is consistent with the lack of clear association
found here for RCC risk [31]. Other tumour sites have been
investigated for association with 1C metabolism as well. A
meta-analysis on lung cancer risk found evidence of a pro-
tective association for higher circulating folate and vitamin
By and increased risk for higher circulating homocysteine
[32]. This meta-analysis included more primary studies than
ours and therefore reported more precise pooled estimates.
One-carbon metabolites have also been extensively studied
in relation to colorectal cancer, but there is no strong consen-
sus on their relationships with risk. A meta-analysis found
no association for folic acid supplement use or red blood
cell folate status and colorectal cancer risk, but it did find
an inverse association with total folate intake [33]. In con-
trast, prostate cancer was shown in a meta-analysis to have
a higher risk with increasing vitamin B, concentration and
the evidence suggests a positive association with circulating
folate as well [34]. Folate intake is of particular interest in
part because of these and other previously reported diver-
gent associations with cancer risk [35]. Our results suggest
a protective role for folate against RCC, but further research
is needed to assess the linearity of this association and to
investigate potential causal mechanisms.

A major risk of bias in meta-analyses comes from selec-
tive reporting of results within studies. Some included
papers stated that all measured associations were selected
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a priori, but in other papers it is not clear if there may have
been bias in the selection of reported results. The Nicodemus
2004 paper stated that no association was found for folic acid
supplementation or vitamin B intake, but a specific RR was
not given so these exposures could not be included in meta-
analyses. We did not attempt to contact authors to obtain
data not presented in the papers included in this review.

One limitation of this meta-analysis is the inconsistency
of covariates included in the primary analyses. Some mod-
els were only adjusted for basic demographics and did not
account for key established risk factors for RCC includ-
ing sex and body mass index. Some primary analyses in
our meta-analysis did not adjust for concurrent nutrient
intakes, while those that did are likely affected by residual
confounding from unidentified nutritional components.

Population diversity is lacking in the studies included
in this meta-analysis, with a strong overrepresentation of
participants of European descent, largely from affluent
countries. Bock et al. did compare European-American
and African-American participants and found similar asso-
ciations for the two groups [19]. The Aune 2010 study is
the only one from a Latin American country and its rela-
tively low OR for folate intake suggests the presence of
heterogeneity across populations [18], but further studies
in diverse populations are required to examine this possi-
bility. As indicated by Aune et al., the low average folate
intake in the study likely allowed for a clearer look at
associations with folate deficiency.

A strength of this meta-analysis was the use of a Bayes-
ian model complemented by several additional models to
assess the impact of implied assumptions and our choice
of priors. This allowed for a more robust estimation of the
between-study heterogeneity compared to using frequentist
methods as well as the propagation of uncertainty through
to the effect estimates. This is especially important when
the number of studies is small. Further, we conducted rel-
evant sensitivity analyses, chosen a priori, to check the
robustness of our results against common sources of bias.

Because tumours as well as healthy cells rely on 1C
metabolism, the related risk factors for RCC prognosis
may differ from those for RCC incidence. Unfortunately,
despite their inclusion in the literature search, prognostic
outcomes could not be included in the meta-analysis due
to a lack of existing publications. This largely unexplored
area will become increasingly important following predic-
tions of a rising number of RCC cases [36].

In summary, the results of this systematic review and
meta-analysis do not provide overwhelming evidence for
the role of any single component of 1C metabolism in
RCC risk, but the findings are based on sparse data. This
is consistent with an overall lack of consensus on the role
of 1C metabolism in multiple types of cancer. The sug-
gestive evidence of inverse associations for both intake
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and circulating concentrations of several 1C metabolism
components warrant further investigation.
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