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ABSTRACT
Background: This study aims to assess the relationship between body mass index (BMI) and prostate volume, utilizing pre and

postoperative measurements.

Methods: A retrospective, observational study was conducted at a single site using data from an institutional database. Medical

records of patients who underwent robot‐assisted radical prostatectomy were reviewed. Data included age, BMI, and prostate

volumes measured through digital rectal exam (DRE), transrectal ultrasound (TRUS), magnetic resonance imaging (MRI), and

surgical specimen weight (SPW).

Results: A total of 168 patients were identified and included in the analysis. Spearman's correlation test revealed a significant

association between BMI and prostate volume for all measurement methods, reporting r= 0.146 (p= 0.047) for DRE, r= 0.268

(p< 0.0001) for TRUS, r= 0.177 (p= 0.021) for MRI and r= 0.234 (p= 0.002) for SPW. Linear regression analysis confirmed the

significant association between BMI and prostate volume, reporting, respectively, R2 = 0.026 (p= 0.036) for DRE, R2 = 0.076

(p< 0.0001) for TRUS, R2 = 0.038 (p= 0.011) for MRI and R2 = 0.040 (p= 0.009) for SPW. Notably, considering the SPW the best

way to estimate prostate volume, for every increase in BMI, the predicted increase of prostate volume is 0.865gr.

Conclusions: This study demonstrates a positive linear correlation between BMI and prostate volume, highlighting the

importance of considering BMI in prostate volume assessments.

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial‐NoDerivs License, which permits use and distribution in any medium, provided the original work

is properly cited, the use is non‐commercial and no modifications or adaptations are made.
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1 | Introduction

Prostate cancer and benign prostatic hyperplasia (BPH), repre-
sent together two of the most commonly diagnosed conditions
among men, particularly in those aged 50 years or older [1–3].
As the global population ages, there is an increasing interest in
understanding the risk factors and associations that influence
prostate health, and in particular, those that may predispose
individuals to prostate cancer or BPH [4, 5]. Prostate volume
represents indeed an important factor in BPH symptoms as well
as in the detection of prostate cancer during MRI and prostate
biopsy [6–8]. Several factors have been identified as influencers
of prostate volume such as age, genetics, hormone levels and
lifestyle factors such as diet and physical activity [9–12]. Among
these, body mass index (BMI), due to the obesity epidemic and
its influence on other pathologies, has garnered significant
attention [13]. BMI is an essential clinical metric for assessing
general health with obesity and overweight statuses associated
with various health complications, including cardiovascular
disease, diabetes and even certain cancers [14–17]. Under-
standing how excess body weight impacts specific organs such
as the prostate, is critical for improving the detection of patients
at risk of BPH and outlet obstruction and, therefore, providing
specific treatments and prevention strategies. Several studies
have explored the relationship between BMI and prostate
health, with a particular focus on prostate cancer risk and the
development of BPH [18, 19]. Prostate volume is a key param-
eter in diagnosing and managing BPH. The size of the prostate
can influence clinical decisions regarding treatment options,
including the necessity of surgical intervention, medications
and active surveillance [20–22]. Prostate volume is indeed
closely linked to symptoms of lower urinary tract dysfunction, a
common issue in aging men. Larger prostate volumes are typ-
ically associated with greater obstruction of urinary flow,
leading to a constellation of symptoms known as lower urinary
tract symptoms (LUTS) which include frequent urination, dif-
ficulty in starting micturition and incomplete bladder emptying
[23–25]. The measurement of prostate volume is commonly
performed using various clinical methods which include, from
the less to the highest reliable methods, digital rectal ex-
amination (DRE) to transrectal (TRUS) and suprapubic ultra-
sound, magnetic resonance imaging (MRI) [26, 27]. The most
reliable method is associated, in surgical settings such as radical
prostatectomy, with the assessment of surgical specimen weight
(SPW). Given the clinical importance of assessing prostate
volume for managing BPH, the possibility of identifying factors
that may influence the prostate size, including patients’ specific
characteristics like BMI could represent a game changer in the
prevention and management of BPH. Several mechanisms have
been proposed to explain the relationship between increased
BMI and prostate diseases. For instance, obesity is often asso-
ciated with insulin resistance and increased levels of circulating
insulin and insulin‐like growth factors, both of which may
promote prostatic tissue growth [28, 29]. Additionally, obese
individuals often exhibit altered hormone levels, including
reduced testosterone and increased estrogen, which could
influence prostate cell proliferation and hypertrophy [30].
Adipose tissue, which is more abundant in individuals with
higher BMI, is also known to produce inflammatory cytokines
that may contribute to the development of prostate inflamma-
tion and enlargement [31]. Despite the well‐established

connection between obesity and prostate cancer risk, the spe-
cific impact of BMI on prostate volume has received less
attention in the literature. Understanding this relationship is
crucial because increased prostate volume can complicate sur-
gical procedures like radical prostatectomy, affect the accuracy
of prostate cancer screening tests such as prostate‐specific an-
tigen (PSA) levels, and influence the severity of LUTS [32]. As
BMI increases, it may exert effects on different organs, includ-
ing the prostate, potentially contributing to an increase in
prostate volume. However, the extent of this influence and the
mechanisms driving it are not yet fully understood. Given the
rising prevalence of obesity worldwide and the established
impact of BMI on various aspects of prostate health, further
research into the relationship between BMI and prostate vol-
ume is warranted. Understanding this relationship has impor-
tant clinical implications for the management of prostate
conditions, particularly in terms of surgical planning and the
assessment of disease severity.

The current study aims to address this gap in knowledge by
systematically assessing the association between BMI and
prostate volume using multiple measurement methods,
including DRE, TRUS, MRI, and SPW, in a cohort of patients
undergoing robot‐assisted radical prostatectomy. By utilizing a
retrospective, observational study design and a comprehensive
institutional database, the study seeks to provide evidence re-
garding the influence of BMI on prostate volume and the
potential clinical relevance of this association.

2 | Materials and Methods

This retrospective observational study was conducted at
Queen Elizabeth University Hospital, Glasgow, United
Kingdom, in adherence to the World Medical Association
Declaration of Helsinki guidelines. Informed consent was
obtained from all patients involved. The study population
consisted of patients who underwent robot‐assisted radical
prostatectomy between June 2019 and June 2020. From an
institutional database, 197 patients were identified for
potential inclusion in the study. Of these, 29 patients were
excluded due to prior neoadjuvant androgen deprivation
therapy or treatment with 5‐alpha reductase inhibitors
(n = 19), or because the interval between magnetic reso-
nance imaging (MRI) and surgery exceeded 6 months
(n = 10). Ultimately, 168 patients were included in the final
analysis. Clinical, radiological, and histological data were
collected for each patient. These included patient age, BMI,
serum prostate‐specific antigen (PSA) levels at the time of
prostate biopsy and prostate volumes measured by digital
rectal examination (DRE), transrectal ultrasound (TRUS),
MRI, and surgical specimen weight (SPW) and volume (SP).
Prostate volumes from different measurement methods were
obtained and recorded as follows:

– DRE: Estimated by a single operator who performed the
DRE immediately before surgery.

– TRUS: Automatically calculated using the ellipsoid for-
mula (length × width × height × 0.523) based on dimen-
sions measured by the urologist performing the biopsy.
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TRUS was performed contextually before the prostate
biopsy.

– MRI: PVs were determined by the radiologist using the
maximum diameter and tri‐planar measurements of the
prostate gland on high‐resolution T2‐weighted images.
PVs were calculated using both the bullet formula
(length × width × height × 5π/24) and the ellipsoid for-
mula (length × width × height × 0.52).

– Surgical Specimen: SPW and SP volume were obtained
from pathology reports. SPW was recorded after removal of
the seminal vesicles, vas deferens, and periprostatic fat. SP
volume was calculated based on the specimen's recorded
dimensions (length, width, and height), using both the
bullet and ellipsoid formulae.

2.1 | Statistical Analysis

Descriptive statistics were used to summarize the data, with
continuous variables reported as means and standard devia-
tions, and categorical variables as frequencies and percent-
ages. Spearman's correlation test was conducted to
investigate the association of BMI with prostate volume for
all measurement methods. Additionally, linear regression
analyses were performed to assess the correlation between
BMI and PV measurements. All statistical analyses were
conducted using IBM SPSS software (version 29.0.1.0; IBM
Corp., Armonk, NY, USA), with a significance threshold set
at p < 0.05.

3 | Results

A total of 168 were identified and included in the analysis. The
mean age of patients enrolled was 63.2 ± 6.5 years, while the
mean BMI was 28 ± 3.5. According to the BMI category, 82.2%
of patients were overweight or obese. All patients underwent
robotic radical prostatectomy. Table 1 reports descriptive data of
patients involved in the study.

Spearman's correlation test revealed a significant association
between BMI and prostate volume for all measurement meth-
ods, reporting r= 0.146 (p= 0.047) for DRE, r= 0.268
(p< 0.0001) for TRUS, r= 0.177 (p= 0.021) for MRI ellipse
volume, r= 0.168 (p= 0.030) for MRI bullet volume while SP
ellipse volume and SP bullet volume reported, respectively,
r= 0.148 (p= 0.035) and r= 0.147 (p= 0.048). SPW reported,
instead, r= 0.234 (p= 0.002) (Table 2).

Linear regression analysis confirmed the significant association
between BMI and prostate volume, reporting, respectively,
R2 = 0.026 (p= 0.036) for DRE, R2 = 0.076 (p< 0.0001) for
TRUS, R2 = 0.038 (p= 0.011) for MRI ellipse volume, R2 = 0.037
(p= 0.013) for MRI bullet volume, R2 = 0.026 (p= 0.037) for SP
ellipse volume, R2 = 0.026 (p= 0.036) for SP bullet volume and
R2 = 0.040 (p= 0.009) for SPW (Figures 1–5). Notably, consid-
ering the SPW the best way to estimate prostate volume, for
every increase in BMI, the predicted increase of prostate volume
is 0.865 gr.

4 | Discussion

The relationship between BMI and prostate volume is a subject
of considerable clinical interest, particularly in the context of
conditions such as BPH and prostate cancer. Both conditions
are indeed highly prevalent in older male populations, with
prostate volume being a critical factor in diagnosis, symptom
severity and management decisions of BPH [33]. Prostate vol-
ume plays indeed a pivotal role in the management of BPH,
which is characterized by an enlarged prostate leading to LUTS
[34]. Larger prostate volumes are typically associated with more

TABLE 1 | Descriptive data of patients included in the study.

Mean
Standard
deviation

Age, years 63.2 6.5

BMI 28 3.5

PSA, ng/mL 10.43 6.5

PSA density, ng/mL2 0.28 0.18

DRE volume, cc 51.9 19

TRUS volume, cc 37.4 15.2

MRI ellipse
volume, cc

39.3 13.7

MRI bullet
volume, cc

48.9 17.1

SPW, gr 43.6 15.2

SP ellipse volume, cc 41.2 16.7

SP bullet volume, cc 51.4 20.8

Frequency Percentage

BMI categories

Underweight 2 1.2

Healthy weight 28 16.7

Overweight 90 53.6

Obesity 48 28.6

TABLE 2 | Spearman's correlations related to BMI.

Correlation
coefficient p value

Age −0.212 0.006

PSA 0.101 0.192

PSA density −0.011 0.889

DRE volume 0.146 0.047

TRUS volume 0.268 < 0.0001

MRI ellipse
volume

0.177 0.021

MRI bullet
volume

0.168 0.030

SPW 0.234 0.002

SP ellipse volume 0.148 0.035

SP bullet volume 0.147 0.048
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severe LUTS, which can significantly affect a patient's quality of
life [35]. Accurate measurement of prostate volume is, there-
fore, essential in the clinical decision‐making process regarding
BPH treatment options. Previous studies have established a link

between obesity and BPH. This link however is not limited to
benign conditions but has been generalized to other prostatic
diseases, from prostatitis to prostate cancer [36–38]. One of the
first studies to suggest this association was the one by Wallner

FIGURE 1 | Linear regression plot for BMI and DRE. [Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 2 | Linear regression plot for BMI and TRUS volume. [Color figure can be viewed at wileyonlinelibrary.com]
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et al. which assessed a linear correlation between baseline
obesity and prostate volume in 2011, based on data from pa-
tients randomly selected aged 40 to 79 years [39]. Similarly,
Bhindi et al., in 2014, examined the association between BMI,
prostate volume and LUTS in a multiethnic cohort of 1613 men
reporting a significantly higher prostate volume in patients with
higher BMI, albeit no association was reported with worsened
LUTS [40]. In a more recent study, Li et al. assessed a

significant link between higher BMI and prostate volume in a
cohort of 788 patients. Also in this case, however, no association
was found between BMI and worsened LUTS [41]. Analogous
results were reported by Yue et al., Zaza et al., and Negi et al.
[42–44]. In particular, in these last studies, an interesting
association between BMI and LUTS was also assessed, high-
lighting the aforementioned considerations on prostate volume
and BPH management. Prostate volume has undoubtedly

FIGURE 3 | Linear regression plot for BMI and MRI (ellipse and bullet) volume. [Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 4 | Linear regression plot for BMI and SP (ellipse and bullet) volume. [Color figure can be viewed at wileyonlinelibrary.com]
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implications also for prostate cancer screening although this
affirmation is still debated. Elevated prostate‐specific antigen
(PSA) levels, which are utilized as the first diagnostic marker
for prostate cancer, could be also elevated in patients with
larger prostate volumes due to BPH [45–47]. As a result, un-
derstanding factors such as BMI that may influence prostate
volume can enhance the accuracy of PSA‐based cancer
screening and prevent unnecessary biopsies or overtreatment
[48–54]. Recent studies have provided compelling evidence of
an inverse correlation between prostate volume and the inci-
dence of biopsy‐proven prostate cancer. A systematic review
and meta‐analysis by Moolupuri et al. in 2021 revealed that 90%
of included studies support the hypothesis that larger prostate
size is protective against prostate cancer, with no studies
demonstrating a positive correlation [55]. Similarly, Al‐Khalil
et al. found that smaller prostates were associated with higher
biopsy rates and a greater proportion of aggressive cancers
(Gleason score ≥ 8), supporting the protective role of larger
prostate volumes [56]. Related to this issue, PSA density, a well‐
known volume‐dependent marker, is still a valuable tool to
refine prostate cancer risk assessment. Yusim et al. demon-
strated that PSAD outperformed PSA alone in predicting clini-
cally significant prostate cancer, with a significant diagnostic
advantage in men with smaller prostate volumes (< 33mL) and
PSAD in the gray zone (0.09–0.19 ng/mL²) [57]. Similarly,
Nordström et al. highlighted that using PSA density to guide
biopsy decisions could reduce unnecessary biopsies and over-
diagnosis while maintaining high sensitivity for clinically sig-
nificant cancers [58]. The results of this study demonstrate a
positive linear correlation between BMI and prostate volume
across all measurement modalities. Notably, the strongest cor-
relation was observed with TRUS (r= 0.268, p< 0.0001) and

SPW (r= 0.234, p= 0.002). These findings suggest that TRUS
may provide reliable prostate volume measurements within the
specific parameters of this study. However, this does not imply
that TRUS is universally more reliable than MRI, as each
method has its own advantages and limitations. Linear regres-
sion analysis further confirmed the significant association
between BMI and prostate volume. These findings suggest that
as BMI increases, so does prostate volume, with a predicted
increase of 0.865 grams in prostate weight for each unit increase
in BMI. Several biological mechanisms may explain the
observed association between increased BMI and larger prostate
volumes. Obesity is often characterized by insulin resistance
and hyperinsulinemia, which can lead to increased circulating
levels of insulin and insulin‐like growth factors (IGFs) [59, 60].
Both insulin and IGFs have been shown to promote cellular
proliferation, including in prostatic tissue, potentially con-
tributing to prostate enlargement [61]. Additionally, obesity is
associated with hormonal changes, including lower levels of
testosterone and higher levels of estrogen [62, 63]. Testosterone
plays a key role in maintaining prostate homeostasis, and
reduced levels of testosterone, along with increased estrogen,
may promote prostatic hypertrophy [64]. This hormonal
imbalance could be a contributing factor to the increased
prostate volume observed in individuals with higher BMI.
Adipose tissue, which is more abundant in individuals with
higher BMI, also secretes various inflammatory cytokines,
including tumor necrosis factor‐alpha (TNF‐α) and
interleukin‐6 (IL‐6) [65, 66]. Chronic inflammation has been
implicated in the development of BPH and may contribute to
prostate enlargement by promoting prostatic cell proliferation
and fibrosis [67]. The findings of this study have several
important implications for clinical practice. First, the positive

FIGURE 5 | Linear regression plot for BMI and SPW. [Color figure can be viewed at wileyonlinelibrary.com]
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correlation between BMI and prostate volume suggests that
clinicians should consider BMI when assessing prostate volume
in patients with BPH or prostate cancer. Overweight and obese
patients are more likely to have larger prostate volumes, which
could influence their treatment options. For example, patients
with larger prostates may be less suitable candidates for certain
minimally invasive procedures and may require more aggres-
sive interventions. Furthermore, the association between BMI
and prostate volume highlights the importance of weight
management in preventing and managing BPH. Weight loss
interventions, including dietary changes and increased physical
activity, may not only reduce the risk of cardiovascular and
metabolic diseases but also help to mitigate prostate enlarge-
ment and its associated symptoms. In addition, the study's
findings may have implications for prostate cancer screening
and diagnosis. Given that larger prostate volumes are associated
with higher PSA levels, clinicians should take into account a
patient's BMI when interpreting PSA results. Obese patients
may have larger prostates and therefore higher PSA levels,
which could lead to false‐positive results if BMI is not con-
sidered. Adjusting PSA thresholds based on BMI may improve
the accuracy of prostate cancer screening in overweight and
obese individuals.

Despite its strengths, this study has several limitations that
should be acknowledged. First, it is a retrospective observa-
tional study conducted at a single institution, which may limit
the generalizability of the findings. Future studies should aim to
replicate these results in larger, multicenter cohorts with more
diverse populations. Second, while the study demonstrates a
correlation between BMI and prostate volume, it does not es-
tablish a causal relationship. Longitudinal studies are needed to
determine whether changes in BMI over time are associated
with changes in prostate volume. Additionally, future research
should explore the underlying mechanisms linking obesity to
prostate enlargement, including the role of insulin resistance,
hormonal changes, and inflammation. Thirdly, while the study
utilizes multiple methods for measuring prostate volume,
including DRE, TRUS, MRI, and SPW, each method has its
limitations. DRE, for example, is highly operator‐dependent and
may not provide accurate volume estimates, while MRI is ex-
pensive and not always available in routine clinical practice.
TRUS and SPW are somewhat reliable, but the former is subject
to variability based on the operator's experience, and the latter
can only be obtained postoperatively. Fourthly, it is also
important to note that the majority of patients in our study had
prostate volumes less than 70 cc, with limited representation of
patients with larger prostates. As such, the study results are
primarily applicable to patients with prostate volumes under 70
cc, and further research is needed to assess the relevance of
these findings in patients with larger prostate volumes. Lastly,
while this study was conducted exclusively in a PCa cohort,
limiting direct extrapolation to BPH patients, it is noteworthy
that radical prostatectomy provides the most accurate and
reliable measurements of prostate volume and weight. In con-
trast, surgeries for BPH typically remove only portions of the
prostate, resulting in incomplete volume assessment. Further-
more, imaging‐based estimates commonly used in BPH studies
are subject to variability. Therefore, our findings, based on
comprehensive and precise measurements, provide robust in-
sights into the association between BMI and prostate volume.

While these insights may hold relevance for BPH, further val-
idation in a dedicated BPH cohort is warranted.

5 | Conclusions

This study provides evidence for a positive linear association
between BMI and prostate volume, highlighting the importance
of considering BMI in prostate volume assessments. The find-
ings suggest that increased BMI is associated with larger pros-
tate volumes, which may have significant implications for the
diagnosis, management, and treatment of BPH and prostate
cancer. Understanding the relationship between BMI and
prostate volume can help clinicians improve patient outcomes
by tailoring treatment strategies to individual patient char-
acteristics, including body weight. Furthermore, weight man-
agement strategies may represent a valuable approach to
reducing the risk of prostate enlargement and its associated
symptoms, thereby improving the quality of life for patients
with BPH.
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