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Abstract
Background: The associations of adiposity with aggressive prostate cancer risk 
are unclear. Using two-sample Mendelian randomization, we assessed the asso-
ciation of metabolically unfavourable adiposity (UFA), favourable adiposity (FA) 
and for comparison body mass index (BMI), with prostate cancer, including ag-
gressive prostate cancer.
Methods: We examined the association of these genetically predicted adiposity-
related traits with risk of prostate cancer overall, aggressive and early onset 
disease using outcome summary statistics from the PRACTICAL consortium (in-
cluding 15,167 aggressive cases).
Results: In inverse-variance weighted models, there was little evidence that ge-
netically predicted one standard deviation higher UFA, FA and BMI were associ-
ated with aggressive prostate cancer [OR: 0.85 (95% CI:0.61–1.19), 0.80 (0.53–1.23) 
and 0.97 (0.88–1.08), respectively]; these associations were largely consistent in 
sensitivity analyses accounting for horizontal pleiotropy. There was no strong ev-
idence that genetically determined UFA, FA or BMI were associated with overall 
prostate cancer or early age of onset prostate cancer.
Conclusions: We did not find differences in the associations of UFA and FA 
with prostate cancer risk, which suggest that adiposity is unlikely to influence 
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1   |   BACKGROUND

In men, prostate cancer is the most commonly diag-
nosed cancer and is the second leading cause of cancer 
death worldwide.1 The only potentially modifiable risk 
factors identified to date are insulin-like growth factor-I 
(IGF-I) and free testosterone.2,3 Some evidence suggests 
that adiposity may be related to prostate cancer risk, but 
this association appears to vary by tumour subtypes; an 
inverse association has been observed between obesity 
and risk of overall prostate cancer and non-aggressive 
prostate cancer (slow-growing tumours), while obesity 
has been positively associated with risk for aggressive 
(fast-growing with lethal progression) prostate cancer, 
including dying from prostate cancer.4,5 However, it is 
unclear whether the association with aggressive forms 
of the disease is due to late detection (which may lead to 
poorer prognosis), is biologically driven, or is a combi-
nation of both.

Previous prospective studies investigating the asso-
ciation between adiposity and prostate cancer risk have 
mainly used body mass index (BMI), which does not dis-
tinguish between fat and muscle mass, as a surrogate of 
adiposity instead of a more accurate measure. Moreover, 
there is some evidence suggesting that while some indi-
viduals within the normal range of BMI may have exces-
sive adiposity, some individuals within the overweight/
obese range of BMI do not seem to have metabolic dis-
turbances.6 However, it is unknown if these metabolic 
disturbances may be the mechanisms linking obesity to 
prostate cancer. A recent genome-wide association study 
(GWAS) has identified two clusters of genetic variants 
associated with higher adiposity: one associated with an 
‘unfavourable’ metabolic profile (unfavourable adiposity, 
UFA) and another with a ‘favourable’ metabolic profile 
(favourable adiposity, FA), using body fat percentage 
and metabolic biomarkers [i.e. HDL cholesterol (HDL-
C), sex hormone–binding globulin (SHBG), triglycerides 
(TG), aspartate transaminase (AST) and alanine amino-
transferase (ALT)]6 to define the clusters. The UFA were 
associated with lower HDL-cholesterol and SHBG, and 
higher triglycerides and liver enzymes, and vice-versa for 
FA. In this GWAS, the adiposity-increasing alleles in both 

UFA and FA were associated with higher subcutaneous 
adipose tissue (SAT), BMI and C-reactive protein (CRP). 
The UFA alleles were associated with higher deposition 
of all fat depots including visceral fat and ectopic fat (i.e. 
liver and pancreas), and were associated with higher risk 
of cardio-metabolic disease, while the FA alleles were 
associated with lower liver fat and a lower risk of car-
diometabolic diseases (e.g. Type 2 diabetes, heart disease, 
stroke).6

Mendelian randomization (MR) analyses, which use 
genetic variants as proxies for exposures,7 may help to ad-
dress reverse causation and confounding in observational 
studies, and therefore help to clarify the association be-
tween adiposity and prostate cancer. In this study, we 
sought to estimate the effects of UFA and FA on prostate 
cancer risk using a two-sample MR framework, updat-
ing previously published results on total prostate cancer 
risk based on 79,194 cases and 61,112 controls,8 and for 
the first time describing associations with aggressive and 
early-onset disease. For this, we used genetic instruments 
identified from UK Biobank and genetic data from the 
PRACTICAL consortium (up to 85,554 prostate cancer 
cases [15,167 aggressive and 6988 early-onset subtypes] 
and 91,972 controls).9,10 For comparison of these new 
adiposity measurements with classic measurements of 
adiposity, our secondary aim was to investigate the as-
sociation of BMI-related genetic variants with prostate 
cancer risk.

2   |   METHODS

2.1  |  Selection of instrumental variables

Single nucleotide polymorphisms (SNPs) predicting UFA 
and FA were taken from a large genome-wide association 
study (GWAS) based on up to 429,203 men and women 
of European ancestry from the UK Biobank.6 For BMI, 
we used genome-wide significant and independent SNPs 
from a large genome-wide association study (GWAS) 
in the Genetic Investigation of ANthropometric Traits 
(GIANT) and UK Biobank in 694,649 men and women of 
European ancestry.11 SNPs were variants associated with 

prostate cancer via the metabolic factors assessed; however, these did not cover 
some aspects related to metabolic health that may link obesity with aggressive 
prostate cancer, which should be explored in future studies.
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these adiposity traits at the p < 5 × 10−8 significance level 
and had linkage disequilibrium (LD) threshold of r2 < 0.01.

No evidence of between-sex heterogeneity was ob-
served for SNP associations with the three genetic risk 
scores above,6,11 therefore summary statistics from the 
GWASs on men and women combined were used. All 
SNPs left after clumping were considered as the instru-
mental variables and included a total of up to 27 UFA, 34 
FA, and 506 BMI variants (Tables S1–S3).

2.2  |  Genetic associations with 
prostate cancer

We obtained GWAS summary statistics from the 
PRACTICAL (including GAME-ON/ELLIPSE) consor-
tia9,12 for aggressive prostate cancer cases (also referred 
to as ‘advanced’ by the PRACTICAL Consortium), which 
was defined as metastatic disease, a Gleason score ≥8, a 
prostate-specific antigen (PSA) >100 ng/mL, or death due 
to prostate cancer (15,167 cases, 58,308 controls) as well as 
summary GWAS statistics for early age of onset prostate 
cancer (age at diagnosis ≤55 years; 6988 cases, 44,256 con-
trols). GWAS summary statistics for prostate cancer over-
all (85,554 prostate cancer cases and 91,972 controls) were 
accessed in the database of Genotypes and Phenotypes 
(dbGaP) (application Project # 31553).10 All participants 
were of European ancestry.

2.3  |  MR analyses

We used a two-sample MR approach to estimate the as-
sociations of UFA, FA and BMI with overall, aggressive 
and early-onset prostate cancer risk. Data were har-
monised to ensure that the exposure dataset (adipos-
ity measures) had the same effect allele as the outcome 
dataset (overall, aggressive and early-onset prostate 
cancer). If a SNP was found to not have the same ef-
fect allele, the SNP would be oriented to the effect al-
lele. Palindromic SNPs were excluded if the effect allele 
frequency was found to be >0.42. ~10% of all SNPs did 
not harmonise from the exposure dataset for some of 
the outcomes of interest, due to them being unavailable 
in the outcome dataset, and in these specific instances 
the SNPs were excluded for the respective analyses. 
The main MR estimation method was the multiplica-
tive random effects inverse-variance weighted (IVW) 
method.13 We additionally calculated the I2 statistic to 
assess the potential violations of the no-measurement 
error (NOME) assumption in SNP-exposure associations 
and the Cochran's Q statistic for heterogeneity between 
the MR estimates for each SNP. Moreover, we used 

PhenoScanner to assess whether the selected genetic in-
struments were associated with secondary phenotypes 
(Figures S1–S3). All MR analyses were repeated for each 
outcome (i.e. overall prostate cancer, aggressive prostate 
cancer, early-onset prostate cancer) and estimates from 
MR are presented as odds ratios per one standard devia-
tion (1-SD) higher UFA, FA or BMI.

2.3.1  |  Sensitivity analyses

We additionally estimated the associations of adipos-
ity traits with prostate cancer using methods that are 
more robust to horizontal pleiotropy. For this, we used 
the weighted median method, the MR residual sum and 
outlier (MR-PRESSO) method, and the contamination 
mixture method. The weighted median model provides 
an unbiased estimate when genetic variants without 
horizontal pleiotropic effects contribute at least 50% 
of the information in an instrument. The MR residual 
sum and outlier (MR-PRESSO) method14 can detect and 
adjust for horizontal pleiotropy by removing outliers, 
while the contamination mixture method performs MR 
analyses more robustly and efficiently when there are 
invalid instrumental variables.15 We also estimated the 
MR-Egger intercept,16 and reported risk associations 
using the MR-Egger method if there was evidence of 
directional pleiotropy. Finally, ‘leave-one-out’ sensitiv-
ity analyses were performed using the TwoSampleMR 
package in R.17

2.3.2  |  Software

We used the ‘TwoSampleMR’ R package to undertake all 
MR analyses17 and figures were plotted in R version 4.0.5. 
All tests of significance were two-sided.

3   |   RESULTS

There was limited evidence of weak instrument bias (F-
statistic ranged from 71.7 to 149.4), and the proportion of 
variance in the phenotypes (R2) explained by the genetic 
instruments was 1.44% for UFA, 0.64% for FA and 5.8% 
for BMI. There was no strong evidence of violation of the 
NOME assumption for the UFA, FA and BMI genetic in-
struments (I2 statistic >0.90).

There was little evidence that genetically determined 
1-SD higher UFA was associated with risks of overall, 
aggressive, or early onset prostate cancer in the IVW MR 
analyses [OR: 0.82 (0.67–1.01), 0.85 (0.61–1.19) and 0.69 
(0.41–1.18), respectively] (Figure  1). Methods robust to 
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violations of the MR assumptions were largely consis-
tent with the IVW estimates, although some evidence of 
an inverse association between UFA and overall prostate 
cancer was observed when the weighted median [0.73 
(0.57–0.94)] method was used (Table 1).

For genetically determined FA, there was little evi-
dence of associations with overall or aggressive prostate 
cancer [0.97 (0.77–1.20) and 0.80 (0.53–1.23), respectively] 
(Figure 1), and similar estimates were found in the sen-
sitivity analyses conducted to provide robust estimates 
in the presence of pleiotropy. An inverse association be-
tween FA and early onset prostate cancer was observed 
in IVW model [0.50 (0.27–0.93)], although there was lit-
tle evidence to support this association in MR sensitivity 
analyses (Table 1).

In analyses looking at the association of genetically 
predicted BMI with prostate cancer risk, little evidence 
of associations with aggressive and early onset prostate 
cancer was observed. The odds ratio for BMI in relation 
to overall prostate cancer from the IVW MR analysis was 
0.92 (0.85–1.00) per SD, and results were similar in the 
sensitivity analyses (Table 1).

There was significant heterogeneity in the MR esti-
mates for UFA SNPs with overall prostate cancer and also 
for BMI SNPs with overall, aggressive and early onset 
prostate cancer (Cochran's Q p < 0.05), while no evidence 

of heterogeneity was observed from the MR analyses for 
the rest of exposure SNPs and outcomes. Moreover, scatter 
plots comparing different MR models (Figures S4–S6) and 
results of the ‘leave-one-out’ analyses (Figures  S7–S15) 
show that our results do not seem to be swayed by one 
very influential SNP.

4   |   DISCUSSION

In MR analyses using published instruments for UFA and 
FA we sought to separately examine the roles of higher 
adiposity with and without its adverse metabolic effects 
on risk for prostate cancer and, in particular, aggressive 
prostate cancer. The results do not support a strong asso-
ciation of either the adverse metabolic component of obe-
sity or the non-metabolic component with prostate cancer 
risk. Moreover, we did not find differences in the associa-
tions of UFA and FA with prostate cancer risk, which sug-
gests that adiposity is unlikely to influence prostate cancer 
via the metabolic factors assessed.

A recent MR study looking at the associations of UFA 
and FA genetic variants with 37 chronic diseases, includ-
ing multiple cancer sites, found that for conditions where 
the metabolic effect of higher adiposity is likely the pri-
mary cause of the disease (e.g. coronary artery disease, 

F I G U R E  1   Mendelian randomization estimates of the associations of genetically predicted unfavourable and favourable adiposity and 
BMI with overall, aggressive and early-onset prostate cancer using the inverse weighted variance method. Estimates are presented as odds 
ratios per one standard deviation increase of each adiposity measurement. Aggressive disease was defined as Gleason Score 8+, death from 
prostate cancer, metastatic disease, or PSA > 100 ng/mL. Early-onset defined as diagnosed aged ≤55 years.
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hypertension, Type 2 diabetes), the FA genetic variants 
showed inverse associations with disease risk, while UFA 
genetic variants showed positive associations with risk 
of these diseases.8 However, for diseases where the non-
metabolic effects of excess body weight (e.g. mechanical 
effect) are likely to cause the disease, both FA and UFA ge-
netic variants showed a positive association with risk (e.g. 
osteoarthritis, gastro-oesophageal reflux disease).8 This 
previous study8 also looked at the associations of UFA, 
FA and BMI genetic variants with risk of overall prostate 
cancer, with inconclusive findings; however, this study in-
cluded a GWAS of overall prostate cancer with a smaller 
number of overall prostate cancer cases and controls than 
in the current analysis, and did not look at aggressive and 
early-onset disease.

The possible inverse association of BMI with overall 
prostate cancer found in our MR analyses is consistent 
with evidence from a meta-analysis of individual partic-
ipant prospective observational data.18 Understanding 
the reasons why excessive adiposity is associated with 
prostate cancer is important to be able to advise health 
professionals and individuals about the possible health 
risks associated with obesity. A previous large cross-
sectional study found that men with higher BMI also 
have lower free testosterone concentrations,19 and free 
testosterone has been positively associated with prostate 
cancer risk in observational and Mendelian random-
ization studies,2 which might explain this association. 
However, it is also likely that differences in prostate can-
cer detection play a role in the possible inverse associa-
tion of BMI with risk of overall prostate cancer. It has 
been hypothesised that men with obesity may have a de-
layed prostate cancer diagnosis compared to men with 
normal weight due to several reasons: (1) a previous 
meta-analysis showed that men with obesity have a 12.9% 
lower prostate-specific antigen concentration compared 
to men with a normal weight20; (2) greater difficulty for 
healthcare professionals to complete a comprehensive 
digital rectal examination in men with obesity, and thus 
lower likelihood of undergoing a biopsy20–22; (3) large 
prostate size may make detecting cancer via biopsy more 
difficult due to needles missing the cancer.20–22 This 
possible delayed prostate cancer diagnosis would be ex-
pected to lead to worse prognosis, which would support 
findings from previous observational studies on obesity 
and aggressive prostate cancer.4,5 Moreover, we found 
suggestive evidence that FA had an effect on early-onset 
prostate cancer risk, which would support the hypothe-
sis that prostate cancer may be detected sooner in men 
with lower adiposity; however, sensitivity analyses did 
not support this association. Prospective studies with 
adiposity measurements and tumour characteristic data 
at prostate cancer diagnosis, together with studies with 

data on PSA testing during the follow-up period, are 
needed to clarify this association.

Our study has several limitations that should be con-
sidered. While MR can provide valid estimates when as-
sumptions are satisfied, UFA and FA are complex traits 
derived from a statistical decomposition of genetic deter-
minants of a large number of metabolic exposures and so 
may be vulnerable to horizontal pleiotropy. However, we 
did not find evidence for directional pleiotropy, though 
modest heterogeneity in the SNP association for UFA and 
BMI was observed for prostate cancer overall. We also 
note that, while F statistics were above the conventional 
cut-off of 10, there was relatively low variance explained 
by the UFA and FA SNPs, which would lead to low preci-
sion in some analyses and insufficient power to detect an 
effect of UFA and FA on prostate cancer, particularly in 
analyses assessing associations with aggressive and early 
onset disease. Additionally, our analyses did not control 
for the influence of PSA on prostate cancer diagnosis and 
the association of UFA and FA with PSA is unknown. Our 
results may therefore also have been limited by detection 
bias and its influence on case ascertainment in cancer 
GWAS. The genetic variants used to define UFA and FA 
are both associated with higher total adiposity and BMI, 
subcutaneous adipose tissue and CRP, and so there were 
some genetic variants present in both genetic risk scores. 
The UFA and FA genetic instruments only captured cer-
tain aspects of metabolic health (i.e. HDL-C, SHBG, TG, 
AST and ALT) and did not include genetic variants related 
to low-grade inflammation profile, the insulin pathway, 
and glycaemic control,6 which are related to metabolic 
health and have been proposed to increase prostate cancer 
risk in previous studies.23,24 Finally, our analyses included 
only individuals of European descent therefore these find-
ings may not be generalizable to other populations and 
further research is needed to assess this.

In summary, our findings from Mendelian random-
ization analyses do not support a strong effect of specific 
adiposity and metabolic profiles using genetic instru-
ments identified in a large prospective cohort on risk for 
aggressive prostate cancer: as for BMI, there was no clear 
evidence that either the adverse metabolic component of 
obesity or the non-metabolic component of obesity was 
associated with risk for aggressive prostate cancer, overall 
prostate cancer or early onset disease. Moreover, we did 
not find differences in the associations of UFA and FA 
with prostate cancer risk, which suggests that adiposity 
is unlikely to influence prostate cancer via the metabolic 
factors assessed. However, the UFA and FA genetic in-
struments did not cover some aspects related to metabolic 
health that may link obesity with aggressive prostate can-
cer and it was not possible to account for detection differ-
ences, which should be explored in future studies.
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