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Simple Summary: Results from individual studies on the association between obesity and prostate
cancer mortality remain inconclusive; additionally, several large cohort studies have recently been
conducted. We aimed to systematically review all available evidence and synthetize it using meta-
analytic techniques. The results of our study showed that obesity was associated with prostate cancer
specific mortality and all-cause mortality. The temporal association was consistent with a dose-
response relationship. Our results demonstrated that obesity, a potentially modifiable prognostic
factor, was associated with higher prostate cancer mortality. This study improved the evidence
regarding the potential impact of lifestyle on improving prostate cancer prognosis. Strategies aimed
at maintaining normal, or reducing abnormal, body mass index in diagnosed prostate cancer patients
might improve survival. These results should guide urologists, oncologists, patients, policy-makers
and primary care providers with respect to evidence-based practice and counselling concerning
lifestyle changes after prostate cancer diagnosis.

Abstract: The aim of this study was to systematically review all evidence evaluating obesity as a
prognostic factor for PC mortality. Cohort and case-control studies reporting mortality among PC
patients stratified by body mass index (BMI) were included. The risk of mortality among obese
patients (BMI ≥ 30) was compared with the risk for normal weight (BMI < 25) patients, pooling
individual hazard ratios (HR) in random-effects meta-analyses. Reasons for heterogeneity were
assessed in subgroup analyses. Dose-response associations for BMI per 5 kg/m2 change were
assessed. Among 7278 citations, 59 studies (280,199 patients) met inclusion criteria. Obesity was
associated with increased PC-specific mortality (HR: 1.19, 95% CI: 1.10–1.28, I2: 44.4%) and all-cause
mortality (HR: 1.09, 95% CI: 1.00–1.18, I2: 43.9%). There was a 9% increase (95% CI: 5–12%, I2: 39.4%)
in PC-specific mortality and 3% increase (95% CI: 1–5%, I2: 24.3%) in all-cause mortality per 5 kg/m2

increase in BMI. In analyses restricted to the higher quality subgroup (NOS ≥ 8), obesity was
associated with increased PC-specific mortality (HR: 1.24, 95% CI: 1.14–1.35, I2: 0.0%) and maintained
the dose-response relationship (HR: 1.11 per 5 kg/m2 increase in BMI, 95% CI: 1.07–1.15, I2: 26.6%).
Obesity had a moderate, consistent, temporal, and dose-response association with PC mortality.
Weight control programs may have a role in improving PC survival.
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1. Introduction

Prostate cancer (PC), the second most common cancer and the third leading cause of
cancer death in men [1], is steadily increasing in incidence [2]. Worldwide, over 650 million
adults are obese [3], and therefore exposed to the second most common cause of preventable
death [4], while obesity has been proposed as a risk factor for aggressive PC [5]. Recent large
studies, however, showed that this relationship is unclear [6,7]. The other known factors
associated with PC mortality, older age, family history of any cancer and ethnicity [5],
are not changeable. As a potentially modifiable factor, obesity merits evaluation as a
prognostic factor.

Individual studies on the association between obesity and prostate cancer (PC) mor-
tality show inconsistent results, including both positive [6] and negative [8] association.
Evidence syntheses on the association between obesity and PC outcomes [9–11], when
judged by AMSTAR 2 [12], demonstrate weaknesses in the description of the study pop-
ulation, investigation of the causes of heterogeneity, evaluation of the impact of risk of
bias in stratified results, and reporting of funding or conflicts of interest. Since the last
meta-analysis [9], 15 prognostic studies have been published [2,7,8,13–24] with data from
186,802 new PC patients added to the total. Consequently, the last review [9] could access
only a third of the current body of evidence. Importantly, previous evidence syntheses
have not formally evaluated causation [25]. Thus, there is need for a robust and reliable
evaluation of the association between obesity and prostate cancer specific mortality (PCSM)
and all-cause mortality (ACM) in patients diagnosed with PC.

We systematically reviewed all observational evidence that examined whether obesity
influences mortality of PC patients and formally evaluated the dose-response relationship
using meta-analytic techniques.

2. Materials and Methods

We used a prospective protocol registered in PROSPERO (CRD420202146000) [26].
The review team was composed of methodologists, investigators and researchers from
public health, epidemiology, and urology specialties. For reporting, both Meta-analysis of
Observational Studies in Epidemiology (MOOSE) [27] and the 2020 update of Preferred
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) [28] guidelines
(Table S1) were followed.

2.1. Search Strategy and Study Selection Criteria

We searched Medline, Web of Science and Scopus from database inception prior to
April 1, 2021, with no language restrictions. We used the following search terms: “prostat*
cancer”, “prostat* neoplasm” or “prostat* tumor” to search the population and combined
it with relevant terms to the outcome “mortality”, “death”, “prognos*” or “survival” and
exposure “obes*” or “body mass index” or “BMI” or “weight” (Table S2). We included
studies with obesity (BMI ≥ 30) or BMI as continuous variable as exposure and mortality
in PC patients as outcome (either PCSM, ACM or both) evaluated through observational
analytical design (cohort and case-control). When the same cohort was reported more than
once, we only considered the most recent study with the largest sample size for quantitative
analyses. We excluded studies that assessed the risk of obesity on PC diagnosis with no
prognostic evaluation or that did not provide sufficient data on mortality, as well as
abstracts, case reports, reviews, and animal studies. When reported data were insufficient,
we contacted the authors to include all available information. Studies reporting BMI only
as a continuous variable were included in the synthesis. After electronic searches, we
performed a manual search based on the reference lists from the selected studies and
relevant reviews. Two independent reviewers (M.R.-I. and J.P.d.R.) conducted the search
by screening titles and abstracts. Full text of potentially eligible studies was also assessed
by two reviewers, and relevant information was retrieved. Potential disagreements were
discussed and resolved with a third reviewer (J.J.J-M.).



Cancers 2021, 13, 4169 3 of 15

2.2. Data Extraction and Quality Assessment

We used predesigned data extraction forms to collect information on authors, year of
publication, study setting and design, population, median follow-up, exposures, outcomes,
type of analysis and presence of conflicts of interests within all the selected studies. When a
citation or article was written in a language different to English or Spanish, the evaluation
involved the input of colleagues competent in that language. The methodological quality of
the studies was evaluated independently by two researchers (MRI and JPD). Using the nine-
star Newcastle-Ottawa Scale (NOS) [29], risk of bias regarding selection, comparability, and
outcome (for cohort studies) or exposure (for case-control studies) were formally evaluated.
Scores of 8 or more stars were considered as low risk of bias (high quality), and 6 to 7 stars
were considered as having medium risk of bias. Discrepancies were solved by discussion
with a senior reviewer (J.J.J.-M.) and consensus of all authors.

2.3. Exposure and Outcomes

Our main variable of exposure was obesity, either measured as body-mass-index equal
or greater than 30 (BMI ≥ 30), compared with normal weight (BMI < 25) [30], or included
as continuous BMI per 5 kg/m2 for dose-response analysis. Timing of measurement
of exposure was divided in two groups: studies that measured BMI before or after the
diagnosis. Waist circumference, waist-to-hip ratio and weight change were also extracted,
however, given the small number of studies (<5), these exposures were not synthesized.
The outcomes explored were PCSM and ACM.

2.4. Data Synthesis

As the outcome was relatively rare, the odds ratios (OR) and relative risks (RR)
were considered as approximations of hazard ratios (HR), as recommended in previous
analyses [9]. Forest plots were generated using PC patient survival data (HR and 95%
CI) from the selected studies, as commonly reported in prognostic meta-analyses [9,31].
If a study provided risk estimates for PCSM and other-cause deaths, a risk estimate for
ACM was calculated. If a study did not provide a summary estimate for the cohort and
only reported estimations of subgroups of populations, the study was not included in
the analysis. Normal weight (BMI < 25) represented the reference category for all the
comparisons except when BMI was analyzed as a continuous variable.

We reported pooled HR and 95% CIs using a random-effects model to allow for
unexplained heterogeneity across studies [32]. Heterogeneity was assessed through Q
heterogeneity tests and I2 statistic. We compared the odds of prostate cancer specific
mortality and all-cause mortality in the following groups: obesity (BMI ≥ 30) versus normal
weight, as primary result, and abnormal weight (BMI ≥ 25) or overweight (BMI ≥ 25 and
<30) versus normal weight as secondary outcomes. We also assessed association by an
increase of 5 kg/m2 in BMI as the quantitative variable for dose-response association.
When the study did not provide this estimation, it was calculated using the method of
Greenland and Longnecker [33].

We undertook subgroup analyses planned a priori to detect differences based on
the following factors: study quality according to NOS, level of the evidence according
to the Quality Rating Schemes for Studies and Other Evidence, modified from the Ox-
ford Centre for Evidence-based Medicine for ratings of individual studies [34], country,
country development according to the International Monetary Fund, sample size, year
of publication, moment of BMI measurement (before or after diagnosis), population set-
ting, stage and treatment. Temporality was established in cohort studies that properly
measured BMI according to NOS (directly measured by the researchers or collected from
clinical histories or databases), around the time of PC diagnosis and conducted a median or
mean follow-up ≥ 5 years (high quality according to NOS evaluation). The association of
overweight (BMI ≥ 25 and <30) and abnormal weight (BMI ≥ 25) compared with normal
weight (BMI < 25) with PCSM, and ACM was assessed as secondary analyses. Sensitivity
analysis was performed by excluding studies that presented high risk of bias in the sub-
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group analyses. Funnel plots for potential publication bias and small-study effect were
evaluated. Asymmetry was assessed using Egger’s regression test [35]. All statistical tests
were 2-sided using a significance level of p < 0.05. All analyses were performed using the
Review Manager ® from Cochrane Library and Stata (StataCorp®), version 15.0 (StataCorp.
2017. Stata Statistical Software: Release 15. StataCorp LLC, College Station, TX, USA).

3. Results

Of the 7278 citations identified, we selected 107 abstracts for detailed eligibility as-
sessment (Figure 1). A total of 59 analyses reported in 57 published articles including
5146,333 participants and 280,199 PC patients met our inclusion criteria [2,7,8,13–24,36–77].
Sample sizes ranged from 55 to 90,694 PC patients, with a median of 1442. Among them,
48 studies (81.4%) provided data on PCSM, 28 studies (47.5%) provided data on ACM, and
17 studies (28.8%) studies provided data on both outcomes.
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Figure 1. Study selection process in the systematic review and meta-analysis.

Of the 59 primary studies, 1 was a retrospective case-control study (1.7%) and 58 were
cohort studies, of which 39 were prospective (67.2%) and 19 retrospective (32.8%). Data
were obtained from population-based incident PC cohorts in 27 studies (45.8%), cohorts of
incident PC among industry workers in 3 studies (5.1%), cohorts of patients after radical
prostatectomy in 8 studies (13.6%), studies of patients with localized PC diagnosis in
9 cohorts (15.3%) and of patients with advanced PC diagnosis in 10 cohorts (17.0%). One
study was conducted in African-Caribbean ancestry patients and 1 study was conducted
in PC patients receiving androgen-deprivation therapy. Only 5 studies (8.5%) reported
financial interests or potential conflicts of interest. Regarding the exposure of interest, its
operational definition varied among the selected studies. Therefore, 38 studies (64.4%)
used the World Health Organization categories, considering overweight as BMI ≥ 25 and
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< 30; and obesity as BMI ≥ 30, 15 studies (25.4%) used different categories and 6 studies
(10.2%) only considered BMI as continuous variable. Seventeen (28.8%) of the studies
were published in 2016 or later. BMI before diagnosis was assessed in 28 studies (47.5%),
while BMI after diagnosis was assessed in 32 studies (54.2%). Detailed information on the
59 primary studies is available in Table S3.

The study quality captured by NOS regarding risk of bias in study selection, compara-
bility of the cohorts and outcome assessment is summarized in Figure 2 and detailed in
Table S4. The mean NOS score was 6.8 (median 7, range 3–9), 15 (25.4%) studies presented
low risk of bias (8–9 stars) according to NOS, 36 (61.0%) studies presented medium risk
of bias and 8 studies (13.6%) presented high risk of bias. The pooled associations of obe-
sity, compared with normal weight, and continuous BMI with PCSM and with ACM are
presented in Figures 3 and 4, respectively.
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Obesity was associated with a greater hazard of PCSM (HR: 1.19, CI 95%: 1.10–1.28,
I2:44.4%) and ACM (HR: 1.09, CI 95%: 1.00–1.18, I2:43.9%). A similar result was observed
when we evaluated BMI as continuous variable, either with PCSM (HR per 5 kg/m2: 1.09,
CI 95%: 1.05–1.12, I2: 39.4%) or with ACM (HR per 5 kg/m2: 1.03, CI 95%: 1.01–1.05,
I2: 24.3%), suggesting a dose-response relationship. Table 1 presents the subgroup analyses
based on population, stage, treatment, country, country status, quality of the evidence, risk
of bias, causal criteria (detailed in Table S5), exposure measurement, and year of publication,
and showed no significant differences between BMI strata. Heterogeneity was considerably
reduced when stratified by population of origin and country, and when we restricted
the analysis to high-quality studies according to NOS. Prospective cohort studies (HR:
1.19, 95% CI: 1.10–1.28, I2:34.4%), high-quality studies according to NOS (HR: 1.24, 95%
CI: 1.14–1.35, I2:0.0%) and population-based cohorts (HR: 1.24, 95% CI: 1.18–1.31, I2:0.0%)
consistently showed a relationship between obesity and PCSM (Table 1). Regarding ACM,
studies with higher quality according to NOS (8–9 stars) showed a positive association
with obesity (HR: 1.46, 95% CI: 1.01–1.91, I2:7.3%). The sensitivity analysis excluding lower
quality studies did not show differences in the estimations of any comparison. The timing
of measurements of BMI (prediagnosis or postdiagnosis) was a source of heterogeneity.
Studies using prediagnosis BMI showed association between obesity and PCSM (HR: 1.23,
95% CI: 1.17–1.30, I2:0.0%), but not with ACM (HR: 1.09, 95% CI: 0.98–1.18, I2: 47.4%).
In contrast, for postdiagnosis BMI, obesity was associated with ACM (HR: 1.20, 95% CI:
1.03–1.37, I2:0.0%), but not with PCSM (HR. 1.07, 95% CI: 1.00–1.14, I2: 48.5%). Studies
that adjusted for cancer stage showed estimates of association similar to those that did not.
The association of overweight and abnormal weight, assessed as secondary analyses, with
PCSM and ACM is shown in Table S6. We did not observe evidence of small-studies effect
for the analyzed outcomes in funnel plot analysis, except for obesity and PCSM where the
funnel was truncated with small studies showing positive association missing (p-value of
Egger test = 0.005; Table S7.
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Table 1. Subgroup analysis of the pooled association of body mass index with prostate cancer specific mortality and all-cause mortality.

Subgroup
Prostate Cancer Specific Mortality All-Cause Mortality

Obesity (BMI ≥ 30) Compared with Normal
Weight (BMI < 25) BMI Continuous Per 5 kg/m2 Obesity (BMI > 30) Compared with Normal

Weight (BMI < 25) BMI Continuous Per 5 kg/m2

N HR (95% CI) I2 N HR (95% CI) I2 N HR (95% CI) I2 N HR (95% CI) I2

All Studies (Total) 37 1.19 (1.10–1.28) 44.3 31 1.09 (1.05–1.12) 44.3 23 1.09 (1.00–1.18) 43.9 10 1.03 (1.01–1.05) 24.3

Population
Population-Based Incident PC 22 1.24 (1.18–1.31) 0.0 18 1.10 (1.07–1.14) 31.3 6 1.10 (0.92–1.28) 25.5 0 - -
Industry Workers Incident PC 2 1.12 (0.55–1.68) 78.5 3 1.01 (0.74–1.27) 65.9 0 - - 0 - -

Radical Prostatectomy 2 1.58 (1.06–2.10) 0.0 2 1.04 (0.91–1.17) 0.0 5 1.29 (1.11–1.48) 0.0 1 1.00 (0.89–1.11) -
Localized PC 8 1.04 (0.97–1.10) 0.0 6 1.05 (0.97–1.12) 55.3 5 1.20 (1.09–1.30) 0.0 4 1.04 (1.01–1.07) 39.3
Advanced PC 2 1.12 (0.33–1.91) 73.3 1 1.28 (0.97–1.59) - 6 0.91 (0.83–1.00) 0.0 4 1.02 (0.99–1.05) 0.0

African-Caribbean Ancestry 1 0.94 (0.44–2.33) - 1 0.76 (0.29–1.23) - 1 0.94 (0.16–1.72) - 1 0.80 (0.55–1.05) -

Country
USA 17 1.13 (1.00–1.28) 61.6 15 1.09 (1.04–1.14) 36.8 12 1.05 (0.93–1.17) 63.8 7 1.04 (1.02–1.05) 0.0

European Nordic Countries 9 1.22 (1.12–1.32) 0.0 9 1.08 (1.01–1.14) 45.5 2 1.22 (1.04–1.40) 0.0 1 1.02 (0.98–1.05) -
European Central Countries 7 1.33 (1.14–1.53) 0.0 4 1.09 (1.01–1.17) 25.2 6 1.26 (1.02–1.50) 0.0 1 0.89 (0.70–1.08) -

Other 4 1.51 (1.11–1.92) 0.0 3 1.25 (0.80–1.70) 68.9 3 1.04 (0.67–1.41) 0.0 1 0.80 (0.55–1.05) -

Country status
Developed Countries 35 1.18 (1.10–1.27) 45.2 29 1.09 (1.05–1.12) 36.6 22 1.09 (1.00–1.19) 46.3 9 1.03 (1.01–1.05) 8.4
Developing Countries 2 1.47 (0.98–1.97) 0.0 2 1.13 (0.43–1.82) 80.3 1 0.94 (0.44–2.00) - 1 0.80 (0.55–1.05) -

Exposure Measurement 1

Prediagnosis BMI 22 1.23 (1.17–1.30) 0.0 21 1.09 (1.06–1.13) 35.0 19 1.08 (0.98–1.18) 47.4 0 - -
Postdiagnosis BMI 15 1.10 (0.96–1.23) 42.8 10 1.07 (1.00–1.14) 48.5 4 1.20 (1.03–1.37) 0.0 10 1.03 (1.01–1.05) 24.3

Quality of the Evidence 2

Level 2 (Prospective Cohort) 26 1.19 (1.10–1.28) 34.4 26 1.09 (1.05−1.13) 35.1 12 1.04 (0.92−1.16) 50.3 6 1.02 (0.98−1.07) 20.5
Level 3 11 1.27 (0.99−1.55) 57.5 5 1.08 (0.99−1.17) 61.5 11 1.17 (1.02−1.32) 40.0 4 1.03 (1.00−1.06) 46.2

Risk of Bias
NOS: 8−9 9 1.24 (1.14−1.35) 0.0 12 1.11 (1.07−1.15) 26.6 2 1.46 (1.01−1.91) 7.3 1 1.05 (1.02−1.08) -
NOS: 6−7 27 1.17 (1.07−1.27) 49.2 18 1.07 (1.02−1.12) 41.6 16 1.10 (1.01−1.20) 36.9 6 1.02 (0.98−1.06) 34.2
NOS <6 1 0.69 (0.03−15.03) - 1 1.31 (0.55−3.15) - 5 0.90 (0.80−1.07) 10.3 3 1.02 (0.99−1.05) 0.0

Design
Cohort 36 1.19 (1.11–1.28) 45.9 30 1.09 (1.05–1.12) 39.1 22 1.09 (1.00–1.18) 43.9 9 1.03 (1.01–1.05) 8.4

Case-Control 1 0.94 (0.44–2.33) - 1 0.79 (0.29–1.23) - 1 0.94 (0.16–1.72) - 1 0.80 (0.55–1.05) -

Stage
Adjustment for Stage 13 1.11 (0.95–1.27) 44.0 8 1.08 (1.01–1.16) 52.1 14 1.08 (0.95–1.21) 55.6 5 1.04 (1.01–1.07) 39.8

Not Adjustment for Stage 24 1.22 (1.16–1.29) 0.0 23 1.09 (1.05–1.13) 35.8 9 1.12 (1.00–1.23) 10.0 5 1.01 (0.99–1.04) 0.0

Year of Publication
<2016 24 1.19 (1.10–1.28) 50.1 21 1.09 (1.05–1.12) 39.4 6 1.13 (0.99–1.27) 22.1 2 0.97 (0.71–1.22) 75.9
≥2016 13 1.15 (1.04–1.26) 28.9 10 1.08 (1.03–1.14) 35.4 17 1.08 (0.97–1.19) 42.4 8 1.03 (1.01–1.04) 0.0

BMI, body mass index; HR, hazard ratio; NOS, Newcastle-Ottawa scale; PC, prostate cancer. p-values of the table show the results from heterogeneity analyses of each subgroup. 1 Of the 28 studies evaluating
prediagnosis BMI, 1 collected BMI one year before diagnosis [67], 1 measured BMI at 18 years old [14], and 26 collected BMI from retrospective sources or at recruitment and time from measurement to diagnosis
was unreported. 2 Quality of the evidence according to the Quality Rating Schemes for Studies and Other Evidence, modified from the Oxford Centre for Evidence-based Medicine for ratings of individual
studies [32].
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4. Discussion

In this meta-analysis, compiling all available data for precise quantitative estimation
of the prognostic effect of obesity in PC mortality, we found that BMI ≥ 30 was asso-
ciated with PCSM and ACM compared with normal weight. Both mortality outcomes
showed dose-response relationship with every 5 kg/m2 unit increase in BMI. In higher
quality prospective studies evaluating temporal association, BMI ≥ 30 was associated with
increased PCSM and showed dose-response association.

We performed a comprehensive literature search without language restrictions, in-
creasing our potential to capture all relevant studies. Owing to the large sample size, we
were able to undertake powerful analyses, including predefined subgroup analyses, to
generate reliable results. There was considerable heterogeneity in the pooled analyses, and
we used random effects models to obtain conservative precision estimates. The statistical
significance of the observed heterogeneity could reflect the large number of studies we
captured [78]. The exploration of reasons for heterogeneity showed that the main findings
were not sensitive to variations in subgroups based on populations, settings, disease stage,
and interventions. The measurement of exposure before or after the diagnosis provides a
dichotomized assessment of a wide time range. The results in the postdiagnosis exposure
measurement subgroup confirmed the prognostic association of continuous BMI with
PCSM, which contributes to the specificity element of the causal criteria [79], and with
ACM, consistent with the general adverse effects of obesity on overall survival. Conversely,
obesity exposure throughout life captured in prediagnosis measurement showed an associ-
ation with PCSM, although no association was found for ACM. The association between
BMI and PC mortality might be different according to the treatment (e.g., better surgical
success in patients with normal weight treated with radical prostatectomy). Subgroup
analyses by ethnicity and other potentially important factors was not possible given that
most of the selected studies did not report stratified results. However, adjusted hazard
ratios were considered in the pooled analyses (Table S3) to reduce residual confusion. Our
main findings were backed by the high-quality subgroup of studies, highlighting that the
observed association of obesity with PC prognosis merits consideration.

The assessment of causation is integral to the evaluation of findings of observational
meta-analyses [79]. We evaluated whether our observed association fulfilled the classical
Bradford Hill principles of causation [25]. Our assessment showed evidence of moderate
strength of association, consistency, temporality, specificity, dose-response gradient, bio-
logical plausibility and analogy (Table S5). The association measured by pooled HR was
statistically significant overall. The HR point estimate showed an increased strength of
association in the higher-quality subgroup of studies. Consistency of individual studies,
analyzed graphically, showed that point estimates of individual HRs on over three-quarters
of the studies had an association. Although statistically I2 measurements showed variation,
this reflected differences in size of the association observed rather than differences in its
direction. The association within subgroups showed lower level of heterogeneity. The
association was consistently observed across the subgroups including different stages,
treatments (e.g., prostatectomy or androgen deprivation therapy) and populations of PC
patients. Studies that analyzed obesity with measurements different from BMI also showed
consistent association with PC mortality [80–82]. Temporality was established by lon-
gitudinal (cohort) studies. The specificity of the association was reflected in the results
concerning PCSM. Moreover, the studies synthetized in our meta-analysis were mostly
adjusted by several potential confounders, as shown in Table S3. Regarding biological
gradient, we showed dose-response relationship by using continuous BMI as exposure,
which was associated with PCSM and ACM. The biological plausibility of the association
is underpinned by several postulated mechanisms explaining the relationship between
BMI and PC death [9]. For instance, obesity is the most common cause of insulin resistance,
which has been associated with a greater inflammatory state, a risk factor for cancer pro-
gression [83]. Also, molecular mechanisms connecting obesity with PC and other urothelial
cancers have been broadly established [84]. Finally, the relationship with PC outcomes met
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analogy criterion, as obesity has been linked for the last three decades to mortality from
numerous types of cancer [11,85] and to other outcomes related to PC, for instance, the
presence of metastases [86]. Therefore, objectively, several criteria for causation were met.

The World Cancer Research Fund [87] reported an increased risk of being diagnosed
with advanced PC in obese patients, although large studies have recently questioned
this point [6,7]. Our findings provide strong evidence that obese men diagnosed with
PC are more likely to have a worse prognosis. Not only does our review strengthen
the prevailing hypothesis concerning the association between prediagnosis obesity and
PCSM [9,11,80–82], it suggests an impact of postdiagnosis obesity on PC mortality out-
comes. As it is potentially modifiable by lifestyle changes, future evaluations of the role
of weight loss among obese patients with PC are required. For example, randomized
interventions on diet and physical activity are needed to analyze PC outcomes [88,89].
Guidelines and patient information documents concerning PC would need to be updated
to emphasize the role of obesity in prognosis.

5. Conclusions

Obesity currently poses an alarming burden on individuals, societies, and economies.
Our study shows that in PC patients, obesity, a potentially modifiable risk factor, is moder-
ately associated with temporality and a dose-response with PCSM and ACM. Therefore,
obesity increases mortality in prostate cancer patients, according to the current obser-
vational evidence. This information should be useful in counselling PC patients and in
planning future research concerning their lifestyle.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/cancers13164169/s1, Table S1: PRISMA checklist of the systematic review and meta-analysis,
Table S2: Search strategy, Table S3: Main characteristics of the studies included in the systematic
review of prognosis of prostate cancer with respect to obesity, Table S4: Methodological quality
assessment of the selected studies according to Newcastle-Ottawa Scale, Table S5: Assessment of
potential causation criteria for the association assessed in this systematic review, Table S6: Forest-plot
of the associations between obesity (BMI ≥ 30), overweight (BMI < 30 and ≥25) and abnormal weight
(BMI ≥ 25), compared to normal weight (BMI < 25), and continuous BMI per 5 units, on prostate
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and all-cause mortality.
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