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Background: The association between coffee and caffeine consumption and

the risk of renal cell carcinoma was inconsistent among observational studies,

and whether these observed associations were causal remained unclear.

Therefore, we performed two-sample Mendelian randomization (MR) study

to assess the causal nature of the association.

Materials and methods: In this study, 12 and two independent single

nucleotide polymorphisms (SNPs) related to coffee and caffeine consumption

at a genome-wide significance level of p < 5 × 10−8 were used as

instrumental variables (IVs), respectively. Summary-level data for renal cell

carcinoma were taken from the FinnGen consortium with up to 174,977

individuals, and the International Agency for Research on Cancer (IARC) with

13,230 individuals. We used inverse-variance weighted (IVW) as the main

method, followed by the weighted median method, the MR-Egger regression

method, and the MR robust adjusted profile score method. Outlier and

pleiotropic variants were assessed by the MR Pleiotropy RESidual Sum and

Outlier test and MR-Egger regression. We used meta-analysis methods in

fixed-effects to combine the estimates from the two sources.

Results: The genetically predicted coffee consumption was not associated

with the risk of renal cell carcinoma in the FinnGen consortium, and the

relationship was consistent in the IARC consortium. The pooled odds ratio

(OR) per 50% increase of coffee consumption was 0.752 [95% confidence

interval (CI), 0.512–1.105; p = 0.147]. In addition, complementary analyses

that separated the coffee-related SNPs according to their relationship with

blood levels of caffeine metabolites (higher, lower, or unrelated) found

no relationship with renal cell carcinoma. The results were consistent

after excluding eight SNPs due to potential risk factors at genome-wide

significance (p < 5 × 10−8). Moreover, genetically predicted per 80-mg

increase in caffeine consumption was not associated with the risk of renal

cell carcinoma (pooled OR = 0.872, 95% CI: 0.676–1.125, p = 0.292).
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Conclusion: Our MR study provided no convincing evidence for a causal

effect between coffee and caffeine consumption and the risk of renal cell

carcinoma. The associations for renal cell carcinoma need to be verified in

well-powered studies.

KEYWORDS

renal cell carcinoma, coffee consumption, caffeine consumption, Mendelian
randomization, causal effect

Introduction

The incidence rate of renal cell carcinoma has increased
significantly by approximately 1.1% every year in the past few
years (1). Compared with 1990, the global incident cases in 2019
were higher by 154.78% for renal cell carcinoma (2). During the
30-year study period, there was an upward trend in the age-
standardized mortality rate and the age-standardized disability-
adjusted life-years rate for renal cell carcinoma (estimated
annual percentage change = 0.35 and 0.12, respectively) (2).
Previous studies demonstrated several risk factors for renal cell
carcinoma, but the accurate pathogenesis remains unclear (3, 4).
Given that renal cell carcinoma is a fatal disease, it is crucial to
identify interventions that can reduce the risk of this disease.

Coffee is one of the most popular beverages worldwide.
A traditional cup of coffee could contain up to 1,000
bioactive compounds, such as a wide variety of aromatic
compounds, antioxidants, and most importantly, caffeine (5).
Several researchers have been interested in the relationship
between coffee and caffeine consumption and tumor risk,
given the anti-inflammatory and antioxidant properties of the
beneficial ingredients (6–8). However, the relationship between
coffee and caffeine consumption and renal cell carcinoma
remains controversial. For instance, certain observational
studies suggested that the consumption of coffee and caffeine is
a protective factor for renal cell carcinoma (9, 10). Other studies,
however, suggested otherwise (11).

As the kidney is an excretory organ, the role of fluid
consumption could also be important in the development of
renal cell carcinoma. However, observational studies on coffee
and caffeine consumption and renal cell carcinoma risk may
have several potential limitations. First, the observed acute
effects of coffee and caffeine may not reflect their long-term
effects, because the body can develop a tolerance to caffeine
(12). Second, traditional epidemiological studies on coffee and
caffeine intake and renal cell carcinoma risk may be affected
by confounding factors (such as smoking or other unhealthy
lifestyles) and reverse causation, and early studies that did
not fully consider these biases may have produced misleading
results (11, 13–16). Even in recent studies that have conducted
a more comprehensive correction for potential confounding

factors, residual confounding is still a worrying issue (10).
Since the available evidence on the association between coffee
and caffeine consumption and renal cell carcinoma risk came
from traditional observational studies, the conclusions might be
biased by reverse causation and residual confounding factors.
Therefore, it is still indistinct whether coffee and caffeine intake
plays a causal role in the renal cell carcinoma risk.

Randomized controlled trials (RCTs) cannot be conducted
due to practice, cost considerations, and ethics issues. Mendelian
randomization (MR) analysis could enhance casual inference
on the association of exposure and an outcome of interest
by employing genetic instrumental variants as instrumental
variables (IVs) of exposure factors. The IVs are unlikely to
be correlated with confounders associated with exposure and
outcome of interest, as they are randomly allocated at the
time of pregnancy. In addition, MR analysis reduces reverse
causation because allele randomization is occurred before the
development of disease.

We performed an MR analysis to evaluate the causal
relationship between coffee and caffeine consumption and the
risk of renal cell carcinoma.

Materials and methods

Study design

We performed an MR analysis based on three core
assumptions: (1) the IVs are robustly related to the exposure of
interest, (2) the IVs are not affected by any confounding factors,
(3) and the IVs do not influence the outcome via any variable
other than the exposure (17). The flowchart of this MR study
design is displayed in Figure 1.

Genetic instrument selection for
coffee and caffeine consumption

This study was on the strength of publicly retrievable
summary-level data from large-scale genome-wide association
studies (GWASs) and consortium that previously obtained
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FIGURE 1

The flowchart of the Mendelian randomization (MR) study. IVs, instrumental variables; SNP, single nucleotide polymorphism; IVW,
inverse-variance-weighted.

informed consent and ethics review board approvals. The single-
nucleotide polymorphisms (SNPs) closely related to coffee
intake were derived from a meta-analysis of four GWASs (the
United Kingdom Biobank and three United States cohorts) (18).
The GWASs adjusted for sex, age, total energy, body mass
index, and top 20 principal components. In the United Kingdom
Biobank (discovery phase), a touch screen questionnaire was
applied to collect coffee consumption from all participants
at baseline: “How many cups of coffee do you drink each
day (including decaffeinated coffee)?” In the United States
cohorts (replication phase), a semi-quantitative food frequency
questionnaire was used to collect the regular and decaffeinated
coffee consumption. The GWASs contained 375,833 individuals
of European descent, and the median coffee consumption
ranged from 1.1 to 2.5 cups per day. The effect sizes for the SNP-
coffee associations were expressed per 1% of increase in coffee
consumption in the GWASs. The odds ratio (OR) estimates
of renal cell carcinoma were scaled to a per 50% of increase
in coffee consumption in our study. To fulfill the first MR
assumption that IVs are robustly related to the exposure of
interest, 15 SNPs that were related to coffee consumption at
the level of genome-wide significance (p < 5 × 10−8) (18)
were identified as IVs (Supplementary Table 1). Selected SNPs
explained approximately 0.48% phenotypic variance in coffee
consumption (18). We calculated the linkage disequilibrium

(LD) between the 15 SNPs based on an LD reference panel
from 1,000 Genomes of European populations. We excluded
SNPs in LD (r2 > 0.01 and clump window < 1,000 kb)
and retained the SNP with the lowest p-value. To fulfill the
second MR condition that the IVs are not affected by any
confounding factors, we evaluated the pleiotropic relationships
of the SNPs with potential confounding factors by searching
the PhenoScanner V2 website.1 The LD of these 15 SNPs was
computed utilizing the 1,000 genomes LD European individual
panel as a reference population (19). There were 3 of the 15 SNPs
excluded due to LD (rs117692895, rs4719497, and rs12699844
in chromosome 7). Therefore, 12 SNPs were implemented as
IVs for coffee consumption in the primary analysis. Among
the selected 12 SNPs in the primary analysis, the coffee-
raising allele has been found to be correlated with higher
(one SNP, rs2330783), lower (four SNPs, rs1260326, rs1057868,
rs4410790, and rs2472297), and irrelevant to blood levels of
caffeine metabolites (five SNPs, rs574367, rs10865548, rs597045,
rs1956218, and rs66723169); and for two SNPs (rs34060476 and
rs73073176), the relationship was unclear (20, 21). We then
excluded eight SNPs due to potential risk factors at genome-
wide significance (p < 5 × 10−8) (Supplementary Tables 2, 3).

1 http://www.phenoscanner.medschl.cam.ac.uk/
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The rest of the four SNPs were employed as IVs for coffee
consumption in the sensitivity analysis.

A total of two SNPs correlated with caffeine consumption
(p < 5 × 10−8) were applied as IVs for caffeine from
a meta-analysis of six GWAS (a total of 9,876 people of
European descent) (21). A self-reported questionnaire was used
to measure caffeine consumption from the consumption of
coffee, tea, and cola (22). The summary-level data for SNPs
related to caffeine intake (i.e., beta coefficient and standard
error [SE]) were obtained. The effect size for the SNP-caffeine
association was scaled to an 80-mg raise, which was equal
to the caffeine dose of one cup of coffee (22). These two
SNPs approximately explained a 1.31% variance for caffeine
consumption (Supplementary Table 5).

Data source for renal cell carcinoma

We acquired summary-level data for genetic association
with renal cell carcinoma from the FinnGen consortium and
the International Agency for Research on Cancer (IARC)
(Supplementary Tables 4, 5). The fifth release of the FinnGen
consortium data included a total of 174,977 men and women
of Finnish ancestry after the removal of individuals with excess
heterozygosity (±4 SD), high genotype missingness (>5%),
ambiguous gender, and non-Finnish ancestry (23). All genetic
association effect sizes were computed by multivariable logistic
regression and adjusted for age, sex, and genetic principal
components. In IARC, the dataset of renal cell carcinoma was
a gender-specific GWAS meta-analysis comprising two kidney
cancer genome-wide scans for women (1,992 cases and 3,095
controls) and men (3,227 cases and 4,916 controls) of European
descent (24). The quality control, imputation, and sex-specific
association analysis protocols were described in one study (24).

Statistical analysis

We used the inverse-variance weighted (IVW) method
with random effects to assess the relationships for genetically
predicted coffee consumption and the IVW method with fixed
effects (for analysis with less than three SNPs) to assess the
relationships for genetically predicted caffeine consumption
(25). Several other analyses were carried out, including the
weighted median (WM) method (26), the MR-Egger regression
method (27), and the MR robust adjusted profile score (MR-
RAPS) method (28). The IVW method uses coefficients and
standard errors uniting with risk factors and regresses the results
of each genetic variation in turn (25). The WM combines data
from multiple genetic instruments for the consistency analysis
by computing a single weighted median estimator (26). The
MR-Egger method allows each IV to exhibit pleiotropy effects
and is consistent if the instrument strength is independent of

these pleiotropic effects (27). The MR-RAPS is more robust
to weak instrument bias (28). The MR pleiotropy residual
sum and outlier (MR-PRESSO) method was applied to identify
potential outlier SNPs (29). We used Cochran’s Q statistic to
test the heterogeneity of the IVW and MR-Egger methods for
the causal estimates of individual SNPs. To examine the third
MR assumption that the IVs do not influence the outcome via
any variable other than the exposure, we calculated the intercept
and 95% confidence interval (CI) of the MR-Egger regression
line for testing horizontal pleiotropy (27). In the complementary
analysis, we grouped the coffee-related SNPs according to their
relationship with blood levels of caffeine metabolites (20, 21)
and separately conducted MR analyses for each group of SNPs
by the IVW method. We computed the F-statistic to evaluate
the strength of the instruments (30). The statistical analysis was
implemented using R (version 4.0.2), through MR-PRESSO and
TwoSample MR packages. All statistical tests were two-sided,
and the evidence of association was cutoff at a prespecified
p-value below 0.05 in the final MR analyses.

Results

F-statistic and outlier detection

The F-statistic for coffee and caffeine consumption was
159 and 67, respectively, suggesting that the selected SNPs
were adequate in strength as IVs for both coffee and caffeine
consumption. In addition, no outlier SNPs were found in the
MR-PRESSO in all primary and sensitivity analyses.

Causal relationships between coffee
and caffeine consumption and renal
cell carcinoma

The MR-Egger analysis identified no directional pleiotropy
(all p > 0.05) (Figure 2). Additionally, we detected no
heterogeneity by the IVW and MR-Egger regression. In the
primary analysis, genetically predicted coffee consumption
was not correlated with renal cell carcinoma in the FinnGen
consortium study (OR = 0.623, 95% CI: 0.313–1.242) by the
IVW method in the random-effects model (Figure 2). In
addition, there was no effect of coffee on renal cell carcinoma
in IARC consortium [men (OR = 0.768, 95% CI: 0.399–1.478,
p = 0.430) and women (OR = 0.874, 95% CI: 0.454–1.683,
p = 0.688)]. The combined OR of per genetically predicted
50% increase of coffee consumption was 0.752 (95% CI: 0.512–
1.105, p = 0.147). Moreover, there was no obvious difference
between the results of the sensitivity analysis and the primary
analysis (Figure 3).

Complementary analyses that distinguished the genetically
predicted coffee-related SNPs according to their correlation with
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FIGURE 2

The association of genetically predicted coffee and caffeine consumption with renal cell carcinoma. Pooled estimates were combined using the
fixed-effects meta-analysis methods. ORs for renal cell carcinoma were scaled to a genetically predicted 50% of increase in coffee
consumption and an 80-mg increase in caffeine consumption. FinnGen, FinnGen Consortium; IACC, the International Agency for Research on
Cancer; OR, odds ratio; CI, confidence interval.
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FIGURE 3

Results of sensitivity analyses association of genetically predicted coffee consumption with renal cell carcinoma. Estimates were obtained from
the inverse-variance weighted methods and combined using the fixed-effects meta-analysis methods. ORs for renal cell carcinoma were scaled
to a genetically predicted 50% of increase in coffee consumption. FinnGen, FinnGen Consortium; IACC, the International Agency for Research
on Cancer; OR, odds ratio; CI, confidence interval.

caffeine metabolites blood levels (higher, lower, or unrelated)
showed no significant difference (Supplementary Table 6).

The per 80-mg increase in caffeine consumption was also
not associated with a risk of renal cell carcinoma (combined
OR = 0.872, 95% CI: 0.676–1.125, p = 0.292) (Figure 2).

Discussion

Our study did not find a relationship between genetically
predicted coffee and caffeine consumption and the risk of renal
cell carcinoma. No outlier SNPs or pleiotropy were detected.
Sensitivity analyses showed consistent results. In addition, coffee
related genetically predicted SNPs that are correlated with
higher or lower levels of caffeine metabolites in the blood,

reflecting slower or faster caffeine metabolism, respectively,
showed no significant difference.

Previous studies have reported inconsistent results on the
association between coffee or caffeine consumption and the
risk of renal cell carcinoma. A recent meta-analysis including
16 case-control and 6 cohort studies identified no significant
relationship between coffee consumption and the risk of renal
cell carcinoma in men and women, with a relative risk of 0.87
(95% CI: 0.72–1.04) and 1.15 (95% CI: 0.85–1.55), respectively
(13). In addition, a meta-analysis including 13 cohorts found
insignificant association for coffee consumption and kidney
cancer in a dose-response analysis (14). However, a meta-
analysis of 10 cohort studies detected a pooled relative risk
of 0.85 (95% CI: 0.76–0.96) comparing the risk of renal
cancer between the highest and the lowest category of coffee
consumption, and this inverse relationship still remained among
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studies adjusting for body mass index (BMI) and smoking (16).
Meanwhile, a case-control study with 669 renal cell carcinoma
cases and 1,001 matched controls found an inverse correlation
between caffeinated coffee intake and renal cell carcinoma risk
(OR = 0.74, 95% CI: 0.57–0.99) in comparison with no coffee
consumption, whereas there was a trend toward increased risk
of renal cell carcinoma for decaffeinated coffee consumption
(OR = 1.47, 95% CI: 0.98–2.19) (15). Generally, the cancer-
coffee relationship is strongly modified by smoking, and this
phenomenon was observed not only for renal cell carcinoma
only but generally for cancer (31). A recently published large
prospective cohort study with a total of 420,118 participants
found an inverse relationship between coffee consumption and
renal cell carcinoma after adjustment for several risk factors,
with a 20% reduction in the risk of developing renal cell
carcinoma during a 16-year follow-up for those who drank ≥ 2
cups of coffee per day over 16 years of follow-up (10). The
inverse relationship was detected among non-smokers but
not ever-smokers.

Whereas, those observational studies might be limited
by their research design and could not rule out residual
confounding (such as healthy lifestyle factors and dietary
components) and reverse causality that influenced the
results. Besides, the measurement of long-term coffee and
caffeine consumption in observational epidemiological
studies may be inexact.

This is the first two-sample MR method to assess the
potential relationship between coffee and caffeine consumption
and the risk of renal cell carcinoma. The two-sample MR
method is not subject to interferences by confounding factors,
such as lifestyle and social environment and reverse causation
by using IVs as a proxy for lifetime coffee and caffeine
consumption. In this study, LD analysis was used to exclude
three SNPs of coffee IV, and the MR-Egger intercept test
identified that the selected 12 SNPs did not have pleiotropic
properties, which also increased the credibility of our study.
In our study, the IVs for coffee consumption may be related
to other risk factors for renal cell carcinoma, and thus
the relationship between the genetic variants and renal cell
carcinoma may be susceptible to confounding by these factors.
The four SNPs in the sensitivity analysis were not related to
other traits, indicating that this association was not affected by
confounding factors between coffee-related SNPs and renal cell
carcinoma. Moreover, we assessed these relationships in two
independent populations, and the consistent results ensured the
stability of the research findings.

There were several limitations. One restriction is that the
current MR analysis assumes a linear relationship between
exposure and the outcome of interest. If there is a non-linear
relationship or threshold effect between habitual coffee and
caffeine consumption and renal cell carcinoma, we cannot detect
this association. Therefore, our null detections may not rule
out a possible beneficial effect of moderate but not massive

coffee and caffeine consumption on renal cell carcinoma. In
addition, in our complementary analyses, we might not have
enough power to detect the weak relationships between various
levels of caffeine metabolites and the risk of renal cell carcinoma.
Therefore, further research on the causal relationship between
caffeine metabolite exposure and the risk of renal cell carcinoma
is needed to verify our findings. Beyond that, the GWAS for
coffee consumption was based on regular and decaffeinated
coffee consumption. However, we added the effects of caffeine
consumption on the risk of renal cell carcinoma, and the
results were consistent with coffee consumption. Moreover, it
is worth mentioning that the population of our study is limited
to European individuals; this conclusion may not be directly
applicable to other populations. Furthermore, there is an urgent
need for more studies with larger sample sizes to explore
the relationship among different coffee bean types, roasting
procedures, brewing methods, and renal cell carcinoma.

Conclusion

Our MR study provided no convincing evidence for a causal
effect between coffee and caffeine consumption and the risk
of renal cell carcinoma. Further longitudinal and experimental
studies are still demanded to authenticate our results.
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