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ABSTRACT

OBJECTIVE To explore the associations between
adiposity indices, assessed at or after a diagnosis of
prostate cancer, and mortality.

DESIGN Systematic review and meta-analysis.
DATA SOURCES PubMed and Embase, from
inception to 16 November 2022.

ELIGIBILITY CRITERIA FOR SELECTING

STUDIES Cohort studies or randomised controlled
trials of men with a diagnosis of prostate cancer that
investigated the associations between adiposity
(body mass index, waist and hip circumference,
waist-to-hip ratio, and subcutaneous and visceral
adipose tissue) after diagnosis and mortality
outcomes. A modified version of the risk of bias for
nutrition observational studies tool was used to
assess risk of bias.

RESULTS 79 studies were identified that
investigated adiposity indices after a diagnosis

of prostate cancer in relation to mortality. No
randomised controlled trials were found. A non-
linear dose-response meta-analysis indicated a )
shaped association between body mass index and
all cause mortality (33 910 men, 11095 deaths, 17
studies). The highest rate of all cause mortality
was found at the lowest and upper range of the
distribution: 11-23% higher rate for a body mass
index of 17-21and 4-43% higher rate for a body
mass index of 30-40. The association between

WHAT IS ALREADY KNOWN ON THE TOPIC

= Adiposity (based on body mass index) has been associated with a higher risk
of advanced and lower risk of localised prostate cancer

= The association between adiposity and the prognosis of prostate canceris
less well understood and observational studies have reported conflicting

results

= None of the existing meta-analyses investigated the potential non-linearity of
associations between adiposity and prognosis of prostate cancer

WHAT THIS STUDY ADDS

= This meta-analysis provides evidence of a ] shaped association between body
mass index after a diagnosis of prostate cancer and all cause mortality, and a
similar non-linear shape for mortality specific to prostate cancer

= Limited and inconsistent evidence exists for other adiposity indices,
including waist circumference, waist-to-hip ratio, and change in weight in
relation to mortality outcomes

= None of the studies performed time varying exposure analyses

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE, OR POLICY

= Future studies should investigate adiposity across different stages of cancer
survivorship and use various parameters for distribution of adipose tissue

BM)

body mass index and mortality specific to prostate
cancer was flat until body mass index reached 26-
27,and then increased linearly by 8-66% for a body
mass index of 30-40 (33137 men, 2947 deaths, 13
studies), but the 95% confidence intervals were
wide. These associations did not differ in most
predefined subgroups by study design, number of
deaths, anthropometric assessment, follow-up time,
geographical location, prostate cancer risk group,
and adjustment variables. No associations were
found in meta-analyses between 10cm increases

in waist circumference and all cause mortality

or mortality specific to prostate cancer, but only
three studies were available. The few studies with
data on change in weight, waist-to-hip ratio, and
subcutaneous and visceral adipose tissue reported
conflicting results.

CONCLUSIONS This review suggests that patients
with prostate cancer might benefit from maintaining
a healthy weight and avoiding obesity. Future
studies should investigate adiposity across
different stages of cancer survivorship and use
various parameters for distribution of adipose
tissue.

SYSTEMATIC REVIEW REGISTRATION Open Science
Framework https://osf.io/qp3c4.

Introduction

In 2020, 1.4 million men received diagnoses of pros-
tate cancer (14% of all incident cancers (10 million)
among men) and 376 000 deaths from prostate
cancer (7% of all cancer deaths (5.5 million) among
men) occurred worldwide.! Prostate cancer has
generally high survival rates but is the leading cause
of death related to cancer in 46 countries.” Most
individuals with a diagnosis of prostate cancer are
expected to survive for at least fiveyears after diag-
nosis, and extended survivorship is often accompa-
nied by comorhidities, including adiposity.’ Men with
prostate cancer continue to have excess mortality up
to 15 years after diagnosis.” Adiposity and prostate
cancer affect substantial proportions of the male
population, making the association between the
two important for public health.”> When the relation
between adiposity and prostate cancer prognosis is
clarified, the existing limited survivorship evidence
based lifestyle recommendations and tailored weight
management interventions could be improved and
implemented to assist men to cope with the disease
and further improve prognosis.’ ¢
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Currently, patients with prostate cancer are
advised to avoid gaining weight, to maintain a
healthy weight, or both.” ® Prostate cancer is highly
prevalent and has a substantial clinical, economic,
and societal burden, but few risk factors (mainly
non-modifiable, such as advanced age, ethnic
group, family history, and genetics) have been iden-
tified so far, and several questions remain about its
aetiology.’ Excess body fat, commonly defined by
body mass index, is a well characterised modifiable
risk factor of advanced prostate cancer,” *° * but
has been inversely associated with localised pros-
tate cancer.'® > The association between body mass
index and the prognosis of prostate cancer, however,
is less well understood.?

Three meta-analyses'*™'® of patients with prostate
cancer investigated body mass index after diagnosis
and mortality specific to prostate cancer, and found
some evidence of an association with the 95% confi-
dence intervals crossing the null (hazard ratio per
5unit increase in body mass index=1.20, 95% confi-
denceinterval 0.99 to 1.46, I>’=74, six studies'*; 1.10,
0.99 to 1.22, I’=35, seven studies=7'°; 1.07, 1.00 to
1.14, 1>=49, 10 studies'®). Two meta-analyses®®
investigated body mass index after diagnosis and all
cause mortality; one'® found no association (hazard
ratio per 5unit increase in body mass index=1.05,
95%confidence interval 0.98 to 1.13, I?’=65, 10
studies) and the other'® reported a small increase
in the risk of all cause mortality (1.03, 1.01 to 1.05,
I’=24, 10 studies). None of these meta-analyses
investigated non-linearity.

Much less is known and no published meta-
analysis has investigated the influence of abdominal
adiposity (waist circumference, hip circumference,
and waist-to-hip ratio) on survival after prostate
cancer.”® Also, data on body composition parameters
and the prognosis of prostate cancer are emerging
but are currently limited, making it difficult to draw
firm conclusions.'’~*° For the scientific community to
develop evidence based recommendations tailored
to people living with and beyond cancer, obtaining
evidence focusing on modifiable factors after the
development of cancer that could affect survival is
important. This systematic review and meta-analysis
was carried out to explore whether adiposity,
assessed after a diagnosis of prostate cancer, is asso-
ciated with mortality outcomes and to assess the
shape of the associations.

Materials and methods

This work was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines®® *! (online supple-
mental appendix 1, supplementary table 1) and in
line with the Global Cancer Update Programme??
standard methods. The review protocol is registered
in the Open Science Framework (https://osf.io/
qp3c4).
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Search strategy and selection criteria

We searched PubMed and Embase, from inception
to 16 November 2022, for prospective or retrospec-
tive cohort studies or randomised controlled trials
in men with a diagnosis of prostate cancer. Online
supplemental appendix 1, supplementary text gives
the full search strategy. The titles and abstracts of the
retrieved publications were screened by one inves-
tigator to determine eligibility for full text review.
About 10% (~1500/18 000) of the retrieved publica-
tions and full texts were checked in duplicate by a
second investigator. Minor discrepancies were iden-
tified and resolved by discussion. References from
relevant reviews and meta-analyses were checked to
ensure completeness.

The primary adiposity variable of interest was
body mass index. Secondary adiposity variables were
waist circumference, hip circumference, waist-to-hip
ratio, change in weight, and subcutaneous or visceral
adipose tissue. Primary outcomes were all cause
mortality and mortality specific to prostate cancer;
secondary outcomes were death from cardiovascular
disease and mortality not specific to prostate cancer.
We excluded studies that reported on adiposity
only before diagnosis; ecological, cross sectional,
and case-control studies; case reports; surveys;
conference abstracts; commentaries; studies with
<100 participants; studies of individuals without
cancer (that recruited healthy participants who
were followed up for development of prostate cancer
and death); and non-mortality outcomes, such as
biochemical recurrence, metastasis, and quality of
life. We also excluded from the analysis or descriptive
synthesis, or both, studies that had prognostication
aims and specifically focused on building prognostic
models to achieve these aims.

Data extraction

From each included study, information was captured
by three reviewers working independently on the
retrieved records: first author’s last name, publi-
cation year, country, number of deaths and partici-
pants, disease characteristics, information related
to the adiposity variable-outcome association, treat-
ment, whether studies included individuals who
were underweight, any exclusions for early follow-up
(lagged analysis), hazard ratios, 95% confidence
intervals for each category of the adiposity variable,
and variables that were adjusted for. All extracted
information included in this review was double
checked for accuracy and completeness by one inves-
tigator before data analysis.

Data analysis

We conducted non-linear dose-response meta-
analyses when at least five studies provided suffi-
cient data for at least three quantitative categories
of the adiposity variable. If a study only provided
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a dichotomous or linear effect estimate, we did
not include it in the non-linear analysis. We used
restricted cubic splines, with knots at 10th, 50th,
and 90th centiles of the overall dose distribu-
tion (based on the reported or estimated quartile
midpoints across studies).?> 2 All of the available
body mass index categories (including underweight)
were used to model the association between body
mass index and mortality across the full body mass
index range. Hazard ratio estimates and their 95%
confidence intervals derived from the most compre-
hensively adjusted Cox proportional hazards model
were used in the analyses. We did not perform meta-
analyses of unadjusted hazard ratios. We prioritised
estimates from the Cox regression model over those
derived from competing risk models, but if only the
latter was available, we included it in our analyses.

When multiple publications with the necessary
data were available from the same study, we used
the publication with the largest number of deaths.
The median or mean of each adiposity variable cate-
gory was taken directly from studies that provided
this information. If studies reported the range of the
adiposity variable category, the midpoint was calcu-
lated. For open ended highest or lowest categories,
the width was assumed to be the same as the adjacent
one. The Hamling?® method was used to re-scale esti-
mates when the lowest category was not the referent.
We found the nadir of the dose-response curve for
each outcome and re-scaled the analysis with the
nadir as the referent.?® The Wald test (P<0.05) and
visual inspection of the generated plot?® were used to
test the hypothesis of deviation from linearity.

As a secondary analysis, we conducted linear dose-
response meta-analyses by calculating summary
hazard ratios and 95% confidence intervals with the
random effects model.”” Estimates were obtained
directly from studies that examined the adiposity
variable on a continuous scale, re-scaling to the
appropriate increment unit if needed. If publica-
tions only reported categorised adiposity variables,
dose-response estimates and their 95% confidence
intervals were derived from the Greenland and
Longnecker method?* 2% that requires the distribu-
tion of events and non-events and the hazard ratios
with the variance estimates for at least three catego-
ries of each adiposity variable. When information
was missing, standard imputation procedures were
used where possible.*

Assessment of heterogeneity and small study
effects

Cochran’s Q and the I” statistics were used to examine
heterogeneity between studies. In non-linear anal-
yses, common heterogeneity, across the whole body
mass index range of the studies, was taken into
account by using the random effects approach.*”
Cochran’s Q was also used to test potential heteroge-
neity among the subgroup analyses. A P value <0.10
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for the Q test was considered significant.’* The 95%
confidence intervals around I were calculated to help
interpretation.’* Because I* depends on the preci-
sion of a study (proportional to the sample size),*
its interpretation could be misleading. Therefore, for
each meta-analysis, we calculated 95% prediction
intervals to better account for heterogeneity between
studies as these help to evaluate how consistent an
observed estimate would be in a future study inves-
tigating the same association.>* > Also, we provided
7% estimates that indicated the underlying variability
between studies. This metric does not systematically
increase with either the size or number of studies in
a meta-analysis.*’

Egger’s regression asymmetry test*® and visual
inspection of the generated funnel plots were used
to assess whether small study effects such as publi-
cation bias were present in meta-analyses with >10
studies.’”” A P value <0.10 indicated evidence of
small study effects but the test has limited power
when the number of studies in a meta-analysis is
small.’” We also used the Debray’s D-FIV test that
uses the total number of observed events per study
as the independent variable, instead of the inverse of
the standard error (1/SE) as the Egger’s test, which
has been shown to perform better in meta-analyses
of survival data.*®

Subgroup and sensitivity meta-analyses

We performed predefined subgroup linear dose-
response meta-analyses: by method of assessment
of adiposity, geographical location, study design,
median number of deaths, length of follow-up, pros-
tate cancer risk groups (based on stage or grade
information, or both, as given in the studies), adjust-
ment variables, and by studies that included or
excluded (or could be excluded by us) men who were
underweight. We also conducted a non-linear dose-
response meta-analysis by prostate cancer risk group
(homogeneous high risk (advanced/metastatic) and
all other risk groups combined). We performed leave-
one-out analyses to explore the potential influence
of single studies on results.’® Summary estimates
were also obtained with the fixed effects model for
comparisons with the random effects models.*® For
the non-linear dose-response meta-analysis, when
the lowest, upper, or both categories were open
ended, commonly reported mean or median body
mass index values were used in a sensitivity anal-
ysis for the specific category range, after performing
a review of the relevant literature (online supple-
mental appendix 1, supplementary table 2).

We performed categorical meta-analyses to
compare the risk of all cause mortality and mortality
specific to prostate cancer in men who were over-
weight compared with those with a normal weight
(body mass index 25-30 v <25o0r body mass index
25-30v18.5-25) and in men with obesity versus those
with a normal weight (body mass index >30v <25 or
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body mass index 230 v 18.5-25) by synthesising the
hazard ratio estimates and 95% confidence intervals
of these categories. If studies subdivided any of the
categories (eg, obese, severely obese) we combined
them first with the Hamling method.?® Studies that
provided a dichotomous estimate or different cate-
gories than the World Health Organization were
excluded from categorical meta-analyses.

Risk-of-bias assessment

We used a modified version of the risk of bias for
nutrition observational studies tool (RoB-NObs)
considering the most influential sources of bias in
cancer survival studies® ** to evaluate the studies
included in the meta-analyses. The tool is a domain
based evaluation that considers the following aspects
of bias: confounding, selection of participants, expo-
sure misclassification (misclassification of varia-
bles under investigation), departures from intended
exposures (eg, any changes in the adiposity varia-
bles investigated that might have occurred among
participants and if these changes were unbalanced
across groups and could have possibly impacted
the outcome), missing data, outcome measurement
error, and selection of reported results. We opera-
tionalised and tested the RoB-NObs tool to ensure
that the questions in each bias domain sufficiently
addressed the adiposity variable-outcome associ-
ations that we investigated. This process involved
adding further explanations or remarks to the tool’s
prompting questions, and guidance to cover studies
on adiposity as well as diet and nutrition. A triplicate
rating was done on 15% (5/33) of the studies. Minor
discrepancies were identified, which were resolved
by discussion.

Software

We conducted the meta-analyses with R version
4.0.5, packages meta, metafor, dosresmeta, rms,
tidyverse, and metamisc.

Patient and public involvement

We have not involved patients or the public in the
design, or conduct, or reporting of our research,
because we used only data from previously
published studies. The research will be disseminated
via academic and social media avenues including a
press release.

Results

Search results

We identified 79 publications that explored the asso-
ciation between adiposity indices after a diagnosis
of prostate cancer and mortality outcomes (figure 1).
Non-linear dose-response meta-analyses were
possible only for body mass index and the primary
outcomes of interest. Linear dose-response meta-
analyses were possible for body mass index and
waist circumference and the primary outcomes of
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interest. For other adiposity variable-outcome asso-
ciations listed in the search strategy and selection
criteria section, we could not perform a meta-analysis
because the data were limited or heterogenous, or
both. Online supplemental appendix 2 provides an
overview of the findings. No relevant randomised
controlled trials were identified. Online supple-
mental appendix 1, supplementary table 3 shows the
main characteristics of the studies included in the
meta-analyses of body mass index after a diagnosis
of prostate cancer and mortality.

Body mass index and all cause mortality

We found 61 publications that reported data on body
mass index after a diagnosis of prostate cancer and
all cause mortality (figure 1). Online supplemental
appendix 1, supplementary tables 4A-B list the
studies that were excluded from the meta-analyses
with reasons for exclusion.

Non-linear dose-response meta-analysis

Seventeen studies’® *—® were included in the non-
linear dose-response meta-analysis comprising
33910 men and 11095 deaths (33%) from all
causes. Of the 33910 men, 11831 (35%) had a
normal weight, 14305 (42%) were overweight, and
7774 (23%) had obesity. Evidence of non-linearity
(Wald test P<0.001, I’=64%) and a J shaped associa-
tion were found. We saw the highest rate of all cause
mortality at the lowest and upper range of the distri-
bution: 11-23% higher rate for a body mass index of
17-21and 4-43% higher rate for a body mass index
of 30-40. The lowest mortality ratio was seen in the
high normal/low overweight group (body mass index
23-27) (figure 2 and online supplemental appendix
1, supplementary table 5). The shape of the curve
was similar when we used midpoint values directly
from the literature for open ended categories (Wald
test P<0.00, I°=65%) (online supplemental appendix
1, supplementary figure 1A and supplementary table
5). Analysis of eight studies of high risk (advanced
or metastatic) prostate cancer at diagnosis showed
evidence of a reverse ] shaped association, but the
confidence intervals were wide,*3™4° 48 49 5457 58 The
shape of the curve in analysis of the other risk groups
combined (10 studies) was similar to the main anal-
ysis (online supplemental appendix 1, supplemen-
tary figure 2).

Linear dose-response meta-analysis

We included 25 studies™ *” *~% comprising 58 574
men (range 178°%-15565%) and 13811 deaths
(60%-3855%%). We found no association between
5 unit increases in body mass index and risk of all
cause mortality (hazard ratio 0.98, 95% confidence
interval 0.93 to 1.04, I>=77%, P value for hetero-
geneity <0.01, Egger’s P=0.13, Debray’s P=0.49)
(table 1, figure 3, and online supplemental appendix
1, supplementary figure 3A).
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(B 14246

PubMed searched until 16 November 2022

L

(11629
Embase (Ovid) searched until 16 November 2022
h 18 481

Unique publications after duplicates removed

!

Full text publications screened (broader research topic)

(I 1405)

Publications excluded
1281 Out of broad research topic (includes all
quality of life, mendelian randomisation,
and incidence studies, ie, healthy
cohorts and studies on other indices,
such as physical activity or diet)
13 <100 participants
5 Cross sectional
4 Case-control
9 Meta-analyses
65 Reviews (including systematic reviews)
2 Letters
18 Commentaries, editorials, or conference
papers
3 News or erratum
5 Notin English language

v

(B 181

Publications identified on anthropometry and any medical outcome (>100 men) (before and after diagnosis)

(B 5)

‘_
Hand searched from references

v

(B 186

Total on broad topic

!

Publications on association between adiposity indices after
diagnosis of prostate cancer and mortality (+5 hand searched)

Body mass index and all cause mortality
61 Publications identified
25 Linear dose-response analysis
17 Non-linear dose-response analysis

2 Data on waist to hip ratio

4 Data on weight change (+1 study only on
weight loss)

9 Data on other body composition indices

w

>

Body mass index and mortality
specific to prostate cancer
36 Publications identified
16 Linear dose-response analysis
13 Non-linear dose-response analysis

v
Waist circumference and mortality specific to prostate cancer
4 Publications identified

3 Linear dose-response analysis

Waist circumference and all cause mortality
4 Publications identified
3 Linear dose-response analysis

Figure 1 | Flowchart of study selection process

Categorical meta-analyses

Subgroup analysis of men who were overweight
versus those of normal weight!? 43746 48 49 51-58 66-69
gave an 11% lower rate of all cause mortality
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(hazard ratio 0.89, 95% confidence interval 0.82
to 0.95, [°=47%, P value for heterogeneity=0.01,
19 studies; online supplemental appendix 1,
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Figure 2 | Non-linear dose-response meta-analysis for the association between body
mass index and all cause mortality (top) and between body mass index and mortality
specific to prostate cancer (bottom)

supplementary table 6 and supplementary figure
4). We found evidence of small study effects
(Egger’s P=0.04) (online supplemental appendix
1, supplementary table 6 and supplementary
figure 5). Analysis of men with obesity versus

those with normal weight and all cause mortality
gave a 1'11111 association13 43-46 48 49 51-58 66 68 69
(hazard ratio 0.94, 95% confidence interval 0.83
to 1.08, 1°’=73%, P value for heterogeneity <0.01,
18 studies, Egger’s P=0.26; online supplemental
appendix 1, supplementary table 6 and supple-
mentary figures 6-7).

Body mass index and mortality specific to prostate
cancer

We identified 36 publications that reported data
on body mass index after diagnosis and mortality
specific to prostate cancer (figure 1). Online supple-
mental appendix 1, supplementary tables 4C-D
list the studies excluded from the meta-analyses
with reasons for exclusion. Two studies that used
competing risk models were replaced with the
results from earlier publications of the same cohort
that used the Cox proportional hazards model. We
included one study’® from the Health Professionals
Follow-up Study that reported on a composite
outcome of distant metastasis or death from prostate
cancer.

Non-linear dose-response meta-analysis

Thirteen studieslB 43 45 47 48 51-53 55 58 70-72 were
included comprising 33137 men and 2947 (9%)
deaths from prostate cancer. Of the 33137 men,
11454 (35%) had normal weight, 14843 (45%)
were overweight, and 6840 (21%) had obesity. The
association between body mass index and mortality
specific to prostate cancer was flat until body mass
index reached 26-27 and then increased linearly by
8-66% for a body mass index of 30-40 (Wald test
P=0.23, [’=50%), but the 95% confidence inter-
vals were wide (figure 2). The shape of the curve
was similar in the sensitivity analysis with midpoint
values for open ended categories obtained from the
literature (Wald test P=0.27, 1*>=48%) (online supple-
mental appendix 1, supplementary figure 1B and

Table 1 | Linear dose-response meta-analyses of body mass index and mortality outcomes: summary of main results

Heterogeneity Small study
effects:
Summary hazard Egger's P
No of deaths/ ratio (95%Cl) Summary hazard value,

No of total for random ratio (95%Cl) 17 (%) Qvalue,P  Debray’sP

studies No of men effects for fixed effects ~ (95%Cl) 95% PI value value 7
All cause mortality
Linear dose- re- 25 13811/58 574 0.98 (0.93 to 1.02 (0.99 to 77 (66t084) 0.77101.26 10340.01 0.13,0.49 0.01
sponse meta- 1.04) 1.04)
analysis
(per 5 unit increase
in body mass
index)*
Mortality specific to prostate cancer
Linear dose- re- 16 3412/55 457  1.08 (1.00 to 1.06 (1.01 to 54 (19 to 0.84t01.38 33¢0.01 0.23,0.32 0.01
sponse meta- 1.17) 1.10) 74)
analysis

(per 5 unit increase
in body mass index)

Cl=confidence interval; PI=prediction interval.

*Number of deaths in an included publication was not given or could not be estimated, or both.
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Author, year Hazard ratio Hazard ratio Weight Weight
(95% CI) (95% CI) (random) (%) (fixed) (%)
Verma 2022 0.75(0.63 t0 0.90) —_— 4.1 1.8
Martini 2021 0.85(0.74t0 0.98) — 4.6 2.7
Jackson 2020 0.90(0.65 to 1.25) —_— 2.2 0.5
Xu 2020 0.70(0.52t0 0.93) — 2.4 0.7
Kashiwagi 2020 0.64 (0.38t0 1.08) 1.0 0.2
Troeschel 2020 1.08 (1.03t0 1.13) ’ 6.3 29.7
Stangl-Kremser 2020 0.77 (0.54to 1.11) _— 1.8 0.4
lkeda 2020 0.73(0.51t01.07) —— 1.8 0.4
Abdel-Rahman 2019 0.89 (0.80 to 1.00) —— 5.2 4.5
Darcey 2019 0.99(0.81to0 1.22) —_— 35 1.3
Vidal 2018 0.84(0.78t00.91) -~ 5.8 9.7
Farris 2018 0.96 (0.85t0 1.09) — 5.0 3.5
Taborelli 2017 1.02(0.85t0 1.22) B e 4.0 1.8
Jeong 2015 1.16 (1.08 to 1.25) -&- 5.9 10.8
Cantarutti 2015 1.01(0.90t0 1.13) —e 5.2 4.4
Wang 2015 1.28(1.11 t0 1.47) — 4.7 2.8
Bonn 2014 1.19(1.00 to 1.42) 4.1 1.8
Froehner 2014 1.38(1.09 to 1.75) e 3.1 1.0
Smith 2011 0.95(0.76t0 1.18) —_— 3.4 1.2
van Roermund 2010 1.01(0.79 to 1.30) e 2.9 0.9
Davies 2009 0.97(0.88t0 1.08) —— 5.4 5.3
Armstrong 2009 1.03(0.93t0 1.14) —— 5.4 5.3
Pfitzenmaier 2009 1.25(0.90t0 1.73) - 2.1 0.5
Efstathiou 2007 1.01(0.88t0 1.16) —_— 4.7 2.9
Siddiqui 2006 1.00(0.90t0 1.11) —— 5.5 5.7
Fixed effects model 1.02 (0.99 to 1.04) * - 100.0
Random effects model 0.98(0.93t0 1.04) - 100.0 -
Prediction interval (0.77 t0 1.26)
Test for heterogeneity: 1°=0.01; P<0.01; I>=77% 0.5 1 2
Per 5 unitincrease in body mass index
é ° Vidal 2018 ’ . °Tr0eSCh1§r?go1s
§ 0.05 Abdel-Rahman 201 9,2%5 e ‘ Sid;qﬁg:;"g 1;’9
5 Marin 2071, rosaoe® | OGRS g Mang 2015
B 0.10 Verma2022@ . Taboreli 2017 @ *® Bonn 2014
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Hazard ratio

Figure 3 | (Top) Summary hazard ratio (95% confidence interval) of all cause mortality for every 5 unit increase in body
mass index after diagnosis of prostate cancer. Forest plot shows results from the random and fixed effects models.
Diamond symbol represents the summary hazard ratio. Each symbol represents the hazard ratio estimate of each
study and the horizontal line across each symbol represents the 95% confidence interval of the hazard ratio estimate.
Horizontal line across the hazard ratio axis represents the 95% prediction interval. (Bottom) Funnel plot shows logit
transformed hazard ratios plotted on the horizontal axis against standard error of the logit transformed hazard ratios
plotted on the vertical axis. Each symbol represents an individual study, and the vertical line represents the summary
hazard ratio from a random effects meta-analysis. The diagonal lines represent pseudo 95% confidence limits (Egger’s
P=0.13)
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supplementary table 7). We could not perform non-
linear analysis of high risk prostate cancer (advanced
or metastatic) because of limited data but the curve
for the other three risk groups (10 studies) had a
similar shape to the main analysis (online supple-
mental appendix 1, supplemental figure 8).

Linear dose-response meta-analysis

We included 16 studiesl3 434547 4851-53555861626570-72
comprising 55457 men (range 239"%-15565°) and
3412 deaths (24-658"7). An indication of a posi-
tive association for every 5 unit increase in body

OPEN ACCESS 3

mass index and higher rate of mortality specific to
prostate cancer was found, but the 95% confidence
interval included the null value (hazard ratio 1.08,
95%confidence interval 1.00 to 1.17, I[’=54%,
P value for heterogeneity <0.01, Egger’s P=0.23,
Debray’s P=0.32). Excluding two separate studies® *®
from the leave-one-out analysis slightly altered the
summary estimate, resulting in a positive association
not including the null value (table 1, figure 4, and
online supplemental appendix 1, supplementary
figure 3B).

Author, year Hazard ratio Hazard ratio Weight Weight
(95% CI) (95% CI) (random) (%) (fixed) (%)
Martini 2021 0.83(0.70t0 0.98) —— 8.7 71
Troeschel 2020 1.14(1.01 t0 1.29) -&- 10.7 13.7
Jackson 2020 0.89(0.52t0 1.51) 2.0 0.7
Darcey 2019 1.30(0.93 t0 1.83) — 4.0 1.8
Farris 2018 1.03(0.83t0 1.27) —— 7.2 4.7
Dickerman 2017 0.99(0.84t0 1.16) —— 9.2 8.4
Jeong 2015 1.10(0.93t0 1.31) —_— 8.6 7.0
Cantarutti 2015 1.04(0.96 10 1.12) 2 127 35.2
Wang 2015 2.01(1.42t0 2.85) — 39 1.7
Polesel 2015 1.25(0.90to0 1.74) —_— 4.2 1.9
Bonn 2014 1.10(0.80to 1.51) —_—— 4.4 21
Keto 2012 1.19(0.56 to 2.54) 1.0 0.4
van Roermund 2010 1.14(0.72t0 1.81) S 2.5 1.0
Davies 2009 0.90(0.76 t0 1.07) —— 8.7 7.2
Efstathiou 2007 1.28(1.01t0 1.63) * 6.2 3.6
Siddiqui 2006 1.10(0.86 to 1.41) o 6.1 3.5
Fixed effects model 1.06 (1.01 to 1.10) > - 100.0
Random effects model 1.08(1.00t0 1.17) - 100.0 -
Prediction interval (0.84t0 1.38) ——
Test for heterogeneity: ©2<0.01; P<0.01; 1’=54% 0.5 1 2
Per 5 unitincrease in body mass index
E 0 Cantarutti 201’5,/13\\ .
g Davies zogigck?[qx;ﬁ.io17 ‘ .Trbe@f:l:\fel 2020
S 01 - ® /,O i . 1.Jeong2015\\\
'g Martini 2021 . Famssi;gi‘lii 2006: ° ) \\
5 i~ Efstathiou 2007 .
b 02 Bonn 20141.Polese\ K3 .Darcey 20{9\\‘ o ang2015
.van Roermund 2010
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04 ‘ o Keto2012
0.5 1.0 1.5 2.0 2.5

Hazard ratio

Figure 4 | (Top) Summary hazard ratio (95% confidence interval) of mortality specific to prostate cancer for every

5 unit increase in body mass index after diagnosis of prostate cancer. Forest plot shows results from the random and
fixed effects models. Diamond symbol represents the summary hazard ratio. Each symbol represents the hazard ratio
estimate of each study and the horizontal line across each square represents the 95% confidence interval of the
hazard ratio estimate. Horizontal line across the hazard ratio axis represents the 95% prediction interval. (Bottom)
Funnel plot shows logit transformed hazard ratios plotted on the horizontal axis against the standard error of the logit
transformed hazard ratios plotted on the vertical axis. Each symbol represents an individual study, and the vertical
line represents the summary hazard ratio from a random effects meta-analysis. The diagonal lines represent pseudo
95% confidence limits (Egger’s P=0.23)
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Categorical meta-analyses

We did not find an association in the analysis of
men with overweight versus those with normal
weight (hazard ratio 1.02, 95% confidence interval
0.89 to 1.17, I>=52%, P value for heterogeneity
<0’01, 15 Studies,u 43 45 48 51-53 55 58 67-72 Egger’s
P=0.27) or in the analysis of men with obesity
versus those with normal weight (1.08, 0.89 to
1.31, I’=54%, P value for heterogeneity <0.01, 14
studies, 1?4342 48517535558 68-72 pggar’s P=0.03; online
supplemental appendix 1, supplementary table 6
and supplementary figures 9-12).

Sensitivity and subgroup analyses

We found little difference among the estimates of
linear dose-response subgroup meta-analyses with
few exceptions. Heterogeneity was evident in the
subgroup analysis of prostate cancer risk groups
for all cause mortality (P<0.01), where an inverse
association was seen in patients with advanced
prostate cancer (including metastatic) and positive
associations in all other subgroups. In the analysis
by geographical location for all cause mortality
(P=0.03) and mortality specific to prostate cancer
(P=0.02), meta-analysis of multinational studies
and studies from Japan showed an inverse associa-
tion for all cause mortality. Similarly, for mortality
specific to prostate cancer, we found an inverse
association in the multinational study compared
with positive associations in other country groups.
Heterogeneity was also seen in the subgroup anal-
ysis of studies that adjusted for or did not adjust
for Gleason score (P<0.01) (online supplemental
appendix 1, supplementary figures 13-50 and
supplementary tables 8-9). We found no substantial
evidence of publication bias with Egger’s or Debray’s
test (online supplemental appendix 1, supplemen-
tary table 10).

Waist circumference, and all cause mortality and
mortality specific to prostate cancer

We identified four studies and three®® ** 7> were
included in the linear dose-response meta-analysis
for all cause mortality and mortality specific to pros-
tate cancer. Meta-analyses gave null associations
between 10 cm increases in waist circumference and
all cause mortality (hazard ratio 1.06, 95% confi-
dence interval 0.95 to 1.19, I’=0%, P value for
heterogeneity=0.42, 910 deaths, online supple-
mental appendix 1, supplementary figure 51A) and
mortality specific to prostate cancer (0.97, 0.80 to
1.16, 1°=0%, P value for heterogeneity=0.96, 317
deaths, online supplemental appendix 1, supple-
mentary figure 51B). Non-linear analysis was not
conducted because of limited data, but individual
study estimates suggested non-linearity (online
supplemental appendix 1, supplementary figure
52).
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Risk-of-bias assessment overview

Most studies were rated as having a moderate risk
of bias because of confounding, with about 30%
rated as having a severe or critical risk of bias. In
our review, age, stage of disease, grade of disease,
prostate specific antigen, and cancer treatment were
the most relevant confounders. Most studies had a
serious risk of bias for selection of participants, but
this was expected because in this population partic-
ipation in the study was conditional on survival.
None of the included studies used adjustment tech-
niques to correct for potential selection bias. Most of
the studies had a low or moderate risk of exposure
(adiposity variable) and outcome misclassification
but about a third did not provide sufficient infor-
mation to judge the risk of bias because of missing
data. All studies were judged as having a critical risk
of bias owing to departures from intended exposures
(adiposity variables) because none performed a time
varying exposure analysis (online supplemental
appendix 1, supplementary figure 53).

Discussion

Principal findings

In this systematic review and meta-analysis, we
found evidence of a ] shaped association between
body mass index and all cause mortality, and a
similar but flatter non-linear shape in the under-
weight and normal weight groups for body mass
index and mortality specific to prostate cancer.
These associations did not differ in most predefined
subgroups. Linear dose-response meta-analysis for
waist circumference in the few available studies gave
null results. The few studies on change in weight,
waist-to-hip ratio, subcutaneous adipose tissue, and
visceral adipose tissue reported inconsistent results.

Study implications

Non-linear meta-analyses of body mass index
suggested that men with obesity who survived pros-
tate cancer have higher rates of all cause mortality
and mortality specific to prostate cancer. Several
mechanisms might explain this association, linked to
either the direct consequences of obesity or implica-
tions related to cancer treatment in men with obesity.
Individuals with obesity are prone to insulin resist-
ance, a driver of hyperinsulinaemia.** High levels
of insulin are linked to reduced plasma levels of sex
hormones that have critical roles in the development
of poorly differentiated prostate cancer.”* Diabetes
has been associated with increased mortality
in patients with prostate cancer,”” ”° and worse
outcomes (mortality or progression) in patients with
prostate cancer with obesity versus those without
obesity.”® Chronic low grade inflammation induced
by obesity enhances the development of androgen
resistance, aggressive tumour phenotype, progres-
sion, and death.”®* 7177 Also, because of the difficulty
of performing a thorough digital rectal examination
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in men with obesity, the clinical disease severity of
the localised tumour might be underestimated or
misclassified,*® *! 7® resulting in undertreatment®
and a poorer prognosis.”> ’® Men with obesity and
prostate cancer undergoing radical treatments could
be at higher risk of complications, undesirable
outcomes, or more serious side effects compared to
patients without obesity.”

The non-linear analysis also showed a higher all
cause mortality rate for a body mass index of 17-21.
Cachectic conditions alter catabolic and anabolic
processes, and studies have indicated imbalances
between protein synthesis and degradation as a
result of overactivation of proteolysis pathways.** The
blood transports tissue wasting mediators, including
factors involved in systemic inflammation associated
with cancer cachexia. Loss of skeletal muscle and
raised blood coagulation under cachectic condi-
tions contribute to a worse prognosis.®’ Treatments
for prostate cancer adversely affect nutritional
status and cause hormonal, cellular, and immune
imbalances.*” Patients with prostate cancer who are
malnourished as a result of their tumour or cancer
treatments, or both, have a higher risk of progression
of prostate cancer and subsequently death.*” # This
finding is supported by studies*® *7 >* excluding the
initial follow-up years.

Patients in the high normal/low overweight
(body mass index 23-27) group had the lowest
risk of mortality. A higher than normal body mass
index could indicate lack of cachexia or protection
against the development of cachexia,* and men in
the upper body mass index range might benefit from
extra energy reserves, protecting them against catab-
olism, especially in advanced prostate cancer.’ *°
Individuals with a similar body mass index can have
considerably different distributions of adipose tissue
and distinct metabolic profiles.®? ® Previous studies
suggested that higher body fat composition is linked
to better survival, likely because of improved toler-
ance to chemotherapy.'” ®° This finding is particularly
important in the treatment of metastatic castration
resistant prostate cancer where docetaxel, a lipo-
philic agent, has high affinity for adipose tissue'” and
possibly increased uptake in these patients. Overall
survival of patients with advanced prostate cancer
who were overweight and treated with docetaxel
was reported to be better than in patients who had a
normal weight.®>” This suggested interaction between
body mass index or body composition and response
to cancer drug treatment requires further study.
These associations need to be elucidated and any
differential effect on survival that might be caused by
pharmacodynamic interactions of the drug and body
fat should be considered.”” > %7

Although the observed association among the
high normal/low overweight group is biologically
plausible, methodological limitations® 8> of the
included studies could partly explain the findings.

OPEN ACCESS 3

Most studies adjusted for age, stage of disease, grade
of disease, and cancer treatments, which are crit-
ical confounders, but few adjusted for smoking and
other relevant variables before diagnosis of prostate
cancer. Collider bias could also explain the observed
associations, whereby being overweight leads to a
higher risk of prostate cancer but other unmeasured
or uncontrolled risk factors (such as smoking or pre-
existing comorbidities) occurring disproportionally
in patients having a normal weight might be more
strongly related to mortality than being overweight,
making overweight seem protective.®> Also, the most
unwell patients with prostate cancer and over-
weight might have been less likely to enter the study
compared with the most unwell patients with normal
weight, or those who had the poorest prognosis
might have died before enrolment in the studies.

Strengths and limitations

The aim of this meta-analysis was to characterise
the shape of the body mass index-mortality associ-
ations through non-linear analyses. The strengths of
this work include the detailed subgroup analyses,
which allowed better assessment of the magnitude
and direction of associations across important char-
acteristics of the individuals or the tumour, and
inclusion of adiposity indices that could influence
the prognosis of prostate cancer, apart from body
mass index.!” Null results in some meta-analyses
(eg, for waist circumference) or subgroup analyses
with few studies and wide confidence intervals
might not imply the absence of an association but
that more studies are needed to draw definitive
conclusions. We reviewed mortality related to cardi-
ovascular disease and not specific to prostate cancer
as outcomes, despite the small number of studies
identified. No firm conclusions could be drawn
for these outcomes but the need for clarifications
from future studies was highlighted. Future Global
Cancer Update Programme reviews will expand the
variables investigated to also include diet and phys-
ical activity, and cover other important outcomes,
such as progression to metastasis or recurrence.
The combined evidence will then be assessed by
the independent Global Cancer Update Programme
Expert Panel for conclusions and development of
lifestyle recommendations tailored to patients with
prostate cancer.

We acknowledge that risk of bias assessment tools
have limitations and currently no consensus exists
on what is the best approach to assess risk of bias
in observational studies.®® Based on our research
question, however, we judged that the RoB-NObs
tool, which was developed by the US Department of
Agriculture (USDA) Nutrition Evidence Systematic
Review after modifications to the Cochrane’s collab-
oration ROBINS-I, was the most appropriate to use
because it provided the basis of a thorough domain
based assessment covering the most important
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biases related to adiposity, physical activity, diet,
and cancer survival studies.

Because of the observational nature of the included
studies, residual confounding (eg, by screening
behaviour, severity of disease, smoking information,
treatment dose or duration, diseases before diag-
nosis, lifelong v adulthood onset adiposity) cannot be
excluded. Most of the studies lacked data on adiposity
and other lifestyle changes beyond the time of diag-
nosis that could have affected the associations."?
Anthropometric indices were mostly assessed once
at baseline instead of at multiple crucial time points
(eg, before, during, and after treatment or each
treatment cycle). This approach prevented perfor-
mance of time varying analyses which are important
because single time point anthropometry assess-
ments might not be representative of the cumulative
effect on cancer survival.** Because of limited data,
we also could not investigate the cumulative effect of
adiposity (combined before and after diagnosis) on
all cause mortality and mortality specific to prostate
cancer. Most of the available published studies have
assessed adiposity before or after diagnosis sepa-
rately, not in combination.

Another limitation of our review was that despite
the relatively large number of articles identified,
only a fraction (28-45%, [17/61-16/36]) were
included in the meta-analyses of all cause mortality
or mortality specific to prostate cancer. Many of the
studies excluded from analyses did not provide the
necessary data (14-20%, 5/35 on all cause mortality
and 4/20 on mortality specific to prostate cancer)
or only provided univariable estimates or Kaplan-
Meier figures (35-50%, 7/20 on mortality specific to
prostate cancer and 18/35 on all cause mortality).
Future survival studies should conduct and report
results in a more complete and standardised way,
which allows for inclusion in future updated meta-
analyses. Our search covered two electronic data-
bases and excluded studies not published in English,
and therefore we might not have identified all publi-
cations, although the most influential studies are
likely to have been captured.

Self-reported body mass index in some studies
could be a limitation, but self-reported and measured
weight and height have been shown to be strongly
correlated.** 7 Our subgroup analyses of measured
versus self-reported body mass index gave associa-
tions that did not substantially differ. Most studies in
our review only used body mass index as the marker
of adiposity and few incorporated other measures
of body fat, providing limited statistical power. The
reason for the scarcity of evidence on other adiposity
indices could be that body mass index is a widely
used proxy measure of general adiposity and is easy
to measure. Body mass index is commonly recorded
in patients’ health records,®” but it cannot differen-
tiate between lean and fat mass (body composition)
and could misclassify patients.” 8% Integrating
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measures of body composition other than body mass
index into clinical practice would be beneficial.”®
This practice would allow future studies to incorpo-
rate alternative adiposity indices’* and more sophis-
ticated body composition parameters that might
characterise adiposity better than body mass index,
and would clarify the associations between adiposity
and outcomes after a diagnosis of cancer.’® Only two
studies'® *° reported data on general and central
adiposity after diagnosis, and therefore we could
not investigate the associations between body mass
index and mortality outcomes in different stratums
of central adiposity.

Few subgroup analyses in our review showed
evidence of small study effects with the Egger’s
test.>” 3892 When we applied the Debray’s test, which
has been shown to perform better when survival
data are pooled, the results were similar. All tests for
funnel plot asymmetry have limitations and simula-
tion studies showed that even with many studies in a
meta-analysis (250) their power is <50%.>® Patients
with prostate cancer in the included studies received
multimodal treatments but detailed data were not
provided, and we could not perform subgroup anal-
yses by different treatments. The inability to carry out
this particular subgroup analysis, however, was to a
degree compensated by carrying out the subgroup
analysis of tumour risk groups.”> More studies are
needed to clarify the effect of intentional and unin-
tentional changes in weight on cancer treatment
and consequently the prognosis of prostate cancer.
This information is particularly important for men
with a diagnosis of localised prostate cancer that
are less likely to progress to clinically significant
disease, because lifestyle changes such as weight
management might influence progression of the
tumour.”® °* Because of limited available data, we
could not explore further whether weight manage-
ment can complement active surveillance or other
specific treatments in men with localised prostate
cancer and lead to better prognosis.

The linear subgroup dose-response meta-analyses
that we performed gave generally consistent results.
Some heterogeneity existed in the analysis by pros-
tate cancer risk groups (inverse association between
body mass index and all cause mortality among the
high risk/advanced group and positive association
in the other groups). A general limitation of this
subgroup analysis is that most studies included a
mixture of aggressive and non-aggressive prostate
cancer tumours, often defined with a combination of
stage, grade, and sometimes information on levels of
prostate specific antigen.

Our observation of improved overall survival
in patients with advanced prostate cancer with
a higher body mass index agrees with previous
studies.”” *® ¢ % Potential explanations include
better response to treatment, protection from greater
caloric reserve, or favourable metabolic profiles.
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Higher body mass index has been associated with
improved prognosis in advanced melanoma and
kidney cancer, and mechanisms proposed involve
downregulation of certain oncogenes or factors
affecting responses related to immunity after inhib-
itor drug treatments are given.’® °® Selection bias is
another potential explanation and could be more
prevalent in studies of patients with advanced pros-
tate cancer that most likely have included individuals
with the best possible health status in their samples.

We found some heterogeneity in analysis by
geographical location although most studies orig-
inated from the US or Europe. The two Japanese
studies in men with metastatic prostate cancer
showed inverse associations (body mass index and
all cause mortality). None of the studies from Europe
or the US included a homogenous sample of patients
with metastatic prostate cancer. In Japan, screening
for prostate specific antigen is reported to be low.”’
This observation could explain the higher number of
metastatic cancers at diagnosis in Japan in compar-
ison to western countries.”® However the differences
observed might be related to the different partici-
pation of patients with metastatic disease in each
region or study.

Most studies in this review were conducted in
white patients and therefore studies in ethnically
diverse under-represented populations with different
body compositions are necessary to resolve ethnic
differences in cancer survival® and obtain more
widely generalisable results. Finally, associations
between adiposity and other causes of death should
be evaluated further.

Conclusions

This systematic review and meta-analysis provides
evidence of a ] shaped association between body
mass index and all cause mortality, and a similar
non-linear association for mortality specific to pros-
tate cancer. Evidence on the associations between
waist circumference, waist-to-hip ratio, change
in weight, visceral adipose tissue, and subcuta-
neous adipose tissue and mortality is limited and
inconsistent. Data from well designed longitudinal
observational studies that better account for reverse
causality, selection bias, and confounding are neces-
sary to confirm the associations found in our anal-
yses. Future studies should assess adiposity across
different stages of cancer survivorship® *° by using
various parameters for distribution of adipose tissue
and incorporate analyses by different treatment
regimens.
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