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Abstract
Objective  The influence of robot-assisted radical prostatectomy (RARP) in obese (OB) and non-obese (NOB) prostate 
cancer patients remains a topic of debate. The objective of this study was to juxtapose the perioperative, functional, 
and oncologic outcomes of RARP in OB and NOB cohorts.

Materials and methods  We systematically searched the databases such as PubMed, Embase, Web of Science, 
and the Cochrane Library database to identify relevant studies published in English up to September 2023. Review 
Manager was used to compare various parameters. The study was registered with PROSPERO (CRD42023473136). 
Sixteen comparative trials were included for 8434 obese patients compared with 55,266 non-obese patients.

Results  The OB group had a longer operative time (WMD 17.8 min, 95% CI 9.7,25.8; p < 0.0001), a longer length 
of hospital stay (WMD 0.18 day, 95% CI 0.12,0.24; p < 0.00001, a higher estimated blood loss (WMD 50.6 ml, 95% CI 
11.7,89.6; p = 0.01), and higher pelvic lymphadenectomy rate (RR 1.08, 95% CI 1.04,1.12; p < 0.0001)and lower nerve 
sparing rate (RR 0.95, 95% CI 0.91,0.99; p < 0.01), but there was no difference between unilateral (RR 1.0, 95% CI 0.8,1.3; 
p = 0.8)and bilateral (RR 0.9, 95% CI 0.9,1.0; p = 0.06)nerve sparing rate. Then, complication rates (RR 1.6, 95% CI 1.5,1.7; 
p < 0.00001) were higher in the OB group, and both major (RR 1.4, 95% CI 1.1,1.8; p = 0.01)and minor (RR 1.4, 95% CI 
1.1,1.7; p < 0.01)complication rates were higher in the OB group. Moreover, obese patients showed significantly higher 
probabilities of incontinence (RR 1.17, 95% CI 1.03,1.33; p = 0.01) and impotency (RR 1.08, 95% CI 1.01,1.15; p = 0.02) at 
1 year. Last, the positive surgical margin (RR 1.2, 95% CI 1.1,1.3; p < 0.01) was higher in the OB group.

Conclusion  In the obese group, perioperative outcomes, total complications, functional outcomes, and oncologic 
outcomes were all worse for RARP. Weight loss before RARP may be a feasible strategy to improve the prognosis of 
patients.
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Introduction
Globally, obesity has long been associated with the pro-
gression of prostate cancer and has emerged as a grow-
ing health concern due to the prevalence of global obesity 
[1]. Consequently, obesity is evolving into an increasingly 
significant factor. It is demonstrated to influence the 
efficacy of treatments, acceleration of cancer progres-
sion, the emergence of comorbidities, and survival rates 
[2]. Potential explanations could encompass the interac-
tion of obesity-related comorbidities and the modulation 
of tumor biology in obesity, mediated by factors such as 
estrogens, testosterone, insulin, and insulin-like growth 
factor, among others [3, 4]. 

The da Vinci Surgical System was employed for the first 
time in the groundbreaking operation, the robot-assisted 
radical prostatectomy (RARP), by Jochen Binder in the 
year 2000 [5]. The RARP procedure has become inter-
nationally recognized and widely performed. Extensive 
research has highlighted the notable benefits of RARP 
compared to traditional surgery, particularly in reducing 
perioperative complications [6], enhancing recovery of 
erectile function [7], and improving urinary continence 
outcomes [8]. Moreover, in terms of oncological effi-
cacy, RARP has been found to achieve results on par with 
those of established surgical techniques [9]. Considering 
these benefits, robot-assisted laparoscopic radical pros-
tatectomy (robotic surgery) could theoretically improve 
patient outcomes more effectively [10]. However, in the 
study by Xu et al. [11], perioperative outcomes of RARP 
in the obese cohort were similar to those in the non-
obese cohort. The purpose of the present study was to 
evaluate the outcomes of RARP in obese vs. non-obese 
patients.

Methods
This meta-analysis adheres to the standards set by the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) [12] and the Assessment of 
Multiple Systematic Reviews (AMSTAR 2) [13], and has 
been duly registered with the PROSPERO registry (ID: 
CRD42023473136).

Literature search strategy, study selection and data 
collection
We conducted a systematic search of the PubMed, 
Embase, Web of Science, and Cochrane Library databases 
through September 2023 to identify eligible studies. The 
following terms were produced by combining interven-
tion and patient-related search terms: [(robot OR robotic 
OR robotics OR robot-assisted OR robotic-assisted) 
AND (prostatectomy) AND (obesity)]. Moreover, we 
manually searched and reviewed the relevant references 
to avoid any omissions. Only studies reported in Eng-
lish are included in the references. The PICOS approach 

was used to define the inclusion criteria. I. The patients 
were diagnosed with prostate cancer based on pathologi-
cal findings; II. in the experimental group, patients had 
a history of OB and undergone RARP; III. in the control 
group, patients had no previous OB and were under-
gone RARP; IV.one or more of the following outcomes: 
perioperative, functional and oncologic outcomes; and 
V. cohort studies, case–control studies or randomized 
controlled trials (RCTs). Following are the exclusion cri-
teria: I.non-comparative studies; II. editorial comments, 
meeting abstracts, case reports, unpublished studies, or 
reviews; III. studies with unavailable data for analysis. The 
data were independently extracted by the two review-
ers, as follows: I.general information: This includes the 
first author, publication year, article type; II.population 
characteristics: This information encompasses the num-
ber of patients, age, body mass index (BMI), prostate-
specific antigen (PSA), prostate size, pathological stage 
and outcomes; III. perioperative outcomes: These con-
sist of the operative time, estimated blood loss, length 
of hospital stay, pelvic lymphadenectomy, nerve-sparing 
status; IV. complications: Complications: This refers to 
minor complications (defined as Clavien grade 1–2) and 
major complications (defined as Clavien grade ≥ 3); V. 
functional outcomes: These involve continence recovery 
(defined as the use of no pad or one safety pad per day), 
and potency recovery (defined as erections sufficient for 
sexual intercourse without the use of phosphodiesterase 
5 (PDE5) inhibitors); and VI. oncologic outcomes: These 
include positive surgical margins (PSM), and biochemical 
recurrence (BCR). Discrepancies were addressed through 
agreement or after discussing with a third reviewer.

Bias risk assessment
We included articles that were all cohort studies and 
no randomized cohort studies were identified. We uti-
lized the ROBINS-I tool [14] to evaluate the quality of 
all included non-randomized controlled trials (non-
RCTs), encompassing an assessment of bias across seven 
domains: (1) confounding factors; (2) selection of partici-
pants; (3) classification of exposure; (4) attrition from the 
intended exposure; (5) missing data; (6) measurement of 
outcomes; and (7) selection of reported results. (S-Fig. 1).

Statistical analysis
The meta-analysis was conducted utilizing the Review 
Manager (RevMan 5.3). The outcomes were presented 
with 95% confidence intervals (CIs) and relative risk (RR) 
for dichotomous variables, and the weighted mean differ-
ence (WMD) used for continuous variables. The Mantel-
Haenszel methodology was utilized for the amalgamation 
of meta-analyses pertaining to dichotomous variables, 
whereas for continuous variables, the method of Inverse 
Variance was employed. The I² statistic was employed to 
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quantify the degree of heterogeneity in the study [15]. 
The corresponding thresholds of low, medium, and high 
levels of heterogeneity were designated at I² values of 
25%, 50%, and 75% respectively. Data were aggregated 
utilizing the fixed-effect model unless a statistically sig-
nificant high level of heterogeneity (I²>50%) was detected 
across the studies. In instances of noted heterogene-
ity, the random-effect model was engaged. p<0.05 was 
deemed to illustrate statistical significance. The represen-
tation of prostate size across the examined studies was 
denoted in terms of weight measures. This value may be 
estimated by assigning a correction factor of 1.2 to the 
volume, a method utilized in a handful of studies that 
only offered data on the prostate volume [16].

Sensitivity analysis
We implemented the leave-one-out method, systemati-
cally excluding each study from the cumulative effect to 
evaluate the integrity of our estimates. Nonetheless, per-
forming sensitivity analyses becomes infeasible when 
faced with an examination of three or fewer studies.

Publication bias
Funnel plots were used to screen for potential publication 
bias.

Results
Baseline characteristics
A total of 642 studies were preliminarily searched, 
with 384 remaining after duplicates were removed. We 
excluded 356 studies after reviewing titles and abstracts 
and 12 articles after reading and screening the full texts 
(One article is not available in full). Finally, 16 [17–32] 
studies (non-RCTs) involving 63,700 patients (8434 
OB vs. 55266 NOB) were included in the present study 
(Fig. 1). Seven of the studies were retrospective compari-
sons and the remaining nine were prospective compari-
sons. These studies were conducted in various countries, 
including the United States of America (USA), Germany, 
Canada, Australia, Austria.

Furthermore, (Table 1) summarizes the baseline char-
acteristics and the preoperative variables of included 
patients (sample size, age, BMI, PSA and pathologic 
outcomes).

Outcome analysis
Perioperative outcomes
A meta-analysis of operative time [17–22, 24, 26, 27, 
29, 32] showed that obese patients took longer com-
pared to non-obese patients (eleven studies pooled; 
WMD 17.8  min, 95% CI 9.7,25.8; p < 0.0001). The OB 
group was associated with longer length of hospital stay 
[17–22, 28, 32] than the NOB group (WMD 0.18  day, 
95% CI 0.12,0.24; p < 0.00001), including eight studies. 

Higher estimated blood loss [17–22, 24, 26, 27, 31] was 
also observed in the OB group (WMD 50.6  ml, 95% CI 
11.7,89.6; p = 0.01), including nine studies. Furthermore, 
a pooled analysis of four studies revealed that the OB 
group had higher pelvic lymphadenectomy rate [21, 22, 
25, 28] than the NOB group (RR 1.08, 95% CI 1.04,1.12; 
p < 0.0001). The meta-analysis demonstrated a decreased 
rate of nerve sparing rate [17, 19, 21, 22, 24, 26, 27, 31] 
in the obese group (RR 0.95, 95% CI 0.91,0.99; p < 0.01), 
with nine studies included. But there was no difference 
between unilateral [17, 21, 22, 27] (RR 1.0, 95% CI 0.8,1.3; 
p = 0.8)and bilateral [17, 19, 21, 22, 27] (RR 0.9, 95% CI 
0.9,1.0; p = 0.06)nerve sparing rate. (FIGURE 2)

Complications
Minor complications rates (Clavien grade 1–2) were 5.3% 
(162 out of 3041 cases) in the OB group and 5.4% (236 of 
4399 cases) in the NOB group. A meta-analysis of minor 
complication rates [19, 21, 22, 26, 30–32] revealed higher 
in the obese group (seven studies; p < 0.01). The major 
complication (Clavien grade ≥ 3) rates were 3.9% (119 out 
of 3041 cases) and 3.0% (132 of 4399 cases) in the OB and 
NOB groups, respectively. Similarly, a meta-analysis of 
major complication rates [19, 21, 22, 26, 30–32] revealed 
higher in the obese group (seven studies; p = 0.01). The 
meta-analysis revealed a higher overall complication 
rate [17–22, 25, 28, 30–32](twelve studies; RR 1.6, 95% 
CI 1.5,1.7; p < 0.00001)in the OB group compared to the 
NOB group, indicating an increased risk among individu-
als with obesity. (FIGURE 3)

Functional outcomes
The meta-analysis revealed that the obese group exhib-
ited more unfavorable outcomes in terms of inconti-
nence [19, 20, 22, 25, 30, 31] (six studies; RR 1.17, 95% 
CI 1.03,1.33; p = 0.01) and impotency [20, 22, 25, 26, 31] 
(five studies; RR 1.08, 95% CI 1.01,1.15; p = 0.02) at 1 year. 
(FIGURE 4)

Oncologic outcomes
The meta-analysis revealed that the OB group had higher 
rates of positive surgical margins [17–27, 29, 31, 32] 
(PSM) than the NOB group (fourteen studies; RR 1.2, 
95% CI 1.1,1.3; p < 0.01). Among the included articles, 
only two articles mentioned BCR. Due to insufficient 
data, no further analysis was performed. (FIGURE 5)

Subgroup analysis
To determine the heterogeneity of this meta-analysis, 
subgroup analyses were performed according to the 
characteristics among the included studies (e.g. publi-
cation date, study type, blood loss volume, Risk of Bias 
assessment, nerve sparing rate). (Tables  2 and 3) show 
the subgroup analyses of OT, EBL, respectively. In the 
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subgroup analysis of OT, the subgroup with publica-
tion date ≥ 2014(WMD,17.8 95%CI: 9.7–25.8; I²= 41%) 
had less operative time than the subgroup with publica-
tion date <2014(WMD,30.0 95%CI: 14.5–44.1; I²= 80%), 
and the heterogeneity was greatly reduced (Fig.  6-A). 
At the same time, the subgroup with a low Risk of Bias 

assessment (WMD,28.6 95%CI: 11.8–45.4; I²= 85%) had a 
shorter operation time than the subgroup with a moder-
ate Risk of Bias assessment (WMD,9.8 95%CI: 2.7–16.8; 
I²= 67%), and the heterogeneity was obviously reduced 
(Fig.  6-B). However, Subgroup analysis revealed that 
study type, blood loss volume, and nerve sparing rate 

Fig. 1  Literature screening flowchart

 



Page 5 of 12Wang et al. BMC Urology          (2024) 24:207 

were not sources of heterogeneity in the outcomes of the 
studies. In the subgroup analysis of EBL, the blood loss 
in the subgroup of the retrospective study (WMD,56.5 
95%CI: 14.1–98.9; I²= 69%) was higher than that in the 
prospective study (WMD,47.3 95%CI: -7.3-101.9; I²= 
98%), and the heterogeneity was greatly reduced (Fig. 6-
C). The remaining subgroup analyses also did not reduce 
the outcome heterogeneity.

Publication bias and sensitivity analysis
Funnel plots of the two outcome-Funnel plots of the two 
outcome (Fig. 6-D、E) indicators were roughly symmet-
ric to the naked eye which indicated that the publication 
bias was not significant. After removing Sarychev 2022 
data using a leave-one-out approach for estimated blood 
loss, heterogeneity decreased from I² = 97–77% (Fig. 6-F). 
This may be because patients in Sarychev 2022 did not 
distinguish between central vs. abdominal obesity, and 
abdominal obesity was major challenging for their physi-
cians. The remaining results were found to be stable after 
exclusion using the leave-one-out method.

Discussion
The significant findings related to perioperative compli-
cations, functional outcomes, and oncologic outcomes in 
the current study warrant a thorough discussion.

Perioperative outcomes
The primary perioperative parameters evaluated in the 
two groups included operative time, the length of hospi-
tal stay, estimated blood loss, pelvic lymphadenectomy 
rate and nerve sparing rate. The present study found 
significant increases in both operating time and EBL in 
obese men undergoing RARP. Similarly Mikhail et al. 
[33] noted in the study that OT and EBL were increased 
in the obese group. The following factors elucidate 
the complexities encountered when implementing the 
Robotic-Assisted Radical Prostatectomy (RARP) tech-
nique in obese patients. (I) Obese patients possess higher 
volumes of adipose tissue, which commonly results in a 
less discernible and distinguishable anatomical struc-
ture within the surgical area as compared to non-obese 
patients. This aspect poses a significant challenge to the 
surgeon in terms of isolating and excising the prostate, 
inherently extending the duration of the operation. (II) 
Within the abdominal cavity, the presence of amplified 
adipose tissue may lead to a constricted operative field, 
thereby complicating the maneuverability of the robotic 
arm during surgery [34]. (III) Patients with obesity, char-
acterized by an enriched blood supply to adipose tissue, 
may necessitate extended time for hemorrhage control 
during surgical procedures. This factor contributes to 
the observed increase in blood loss in these individu-
als. Although the increases in blood loss (50.63 ml) and Ta
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operative time (17.79 min) in obese men were statistically 
significant, these disparities may bear minimal clinical 
significance. Furthermore, in our meta-analysis, individ-
uals with obesity demonstrated significantly larger pros-
tate sizes. Obesity was similarly found to be associated 
with a larger prostate in the study by Mikhail et al. [33]. 
This could render the dissection of the anterior urethra 
more challenging and potentially complicate the process 
of cystourethral anastomosis for the surgeon [35]. 

The OB group was associated with longer length of 
hospital stay than the NOB group, possible reasons: (I) 
Patients with obesity often present with concomitant 
health conditions, such as cardiovascular disease and 
diabetes. These comorbidities can adversely impact post-
operative recovery and subsequently extend the dura-
tion of their hospital stay. (II) Patients with obesity may 
experience an elevated incidence of postoperative com-
plications [36], encompassing infections and deep vein 
thrombosis, necessitating extended periods for manage-
ment and recuperation.

The obese group had a higher rate of pelvic lymphad-
enectomy and a lower rate of nerve sparing. In the study 
by Tafuri et al. [37], it was found that obese prostate can-
cer patients had a higher risk of lymph node metastasis. 

Studies have shown that prostate cancer in obese patients 
is more aggressive [38, 39], so in order to completely 
remove the cancer, it may be necessary to remove the 
related nerves and lymph nodes.

Complications
In respect of the safety of RARP, the OB group was 
higher for overall, major, or minor complications in com-
parison with nonobese group. But In the study by Xu et 
al. [11], there was no significant difference for overall, 
major, or minor complications in comparison with non-
obese group. However, the results of the study by Cao et 
al. [40] were similar to our results. This can be elucidated 
from the subsequent viewpoints: (I) Obese patients have 
a higher amount of adipose tissue, leading to a compact 
operational space during surgery, thereby escalating the 
level of complexity in the procedure. (II) Obese patients 
have an increased cardiorespiratory load and are suscep-
tible to airway obstructions, significantly heightening the 
risk associated with anesthesia [41]. (III) Obese patients 
also carry an elevated risk for wound infections.

Fig. 2  Forest plots of perioperative outcomes. A. operative time B. length of hospital stay. C. length of hospital stay D. pelvic lymphadenectomy E. Nerve 
sparing status (Overall) F. Nerve sparing status (Unilateral) G. Nerve sparing status (Bilateral)
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Functional outcomes
Functional outcomes were also analyzed in the cur-
rent meta-analysis. Continence recovery defined as the 
use of no pad or one safety pad per day, and potency 
recovery defined as erections sufficient for sexual inter-
course without the use of phosphodiesterase 5 (PDE5) 

inhibitors. In the first year after surgery, we identified 
that obese patients had poorer functional outcomes com-
pared to their nonobese counterparts. This differs from 
the study by Carbin et al. [42]. In their study, men with 
BMI ≥ 35 achieved continence rates and equivalent to 
men with BMI < 35 within 1 year. However, some critical 

Fig. 3  Forest plots of complication. A. Minor complications B. Major complications C. Overall complications
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issues must be addressed before discussing the functional 
results. Firstly, the nerve-sparing technique and pelvic 
lymphadenectomy could potentially influence the resto-
ration of continence and potency. Secondly, in patients 

with obesity, excess adipose tissue and constrained surgi-
cal space could restrict the surgeon’s field of vision. This 
visual clarity is crucial for preserving the urethral sphinc-
ter and nerves. Thirdly, obese patients often present with 

Fig. 5  Forest plots of oncologic outcomes. A Positive surgical margins

 

Fig. 4  Forest plots of functional outcomes. A. Incontinence at 1 year B. Impotency at 1 year
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heightened abdominal pressure [43], placing undue stress 
on the function of the urethral sphincter, potentially 
exacerbating incontinence. Consequently, it is crucial 
that we exercise careful judgment when evaluating the 
functional outcomes in both groups following robot-
assisted radical prostatectomy (RARP). Furthermore, 
Checcucci and colleagues [44] have investigated the piv-
otal role of anatomical reconstruction in facilitating con-
tinence recovery post-RARP. Their study reveals that the 
total reconstruction technique (TR) enhances the rate 
and velocity of continence restoration when compared to 
the conventional approach or isolated posterior (PR) or 
anterior (AR) reconstruction methods. This insight holds 
substantial significance for the management of conti-
nence recovery following RARP.

Oncologic outcomes
In a recent paper published by Porcaro et al. [45] showed 
a statistically significant inverse association between 
BMI and PSMs in patients. In our study, the OB group 
had higher rates of PSM than the NOB group. This may 
be due to the fact that adipose tissue secretes a variety of 

cytokines and hormones, including interleukin-6 (IL-6) 
and tumor necrosis factor-alpha (TNF-α) [46–48]. These 
substances could potentially stimulate tumor growth and 
invasiveness, obscure the delineation of tumor boundar-
ies, and as a result, impede the thorough excision of all 
malignant cells during surgical treatments. Lastly, we did 
not perform the analysis of BCR, so it still needs to be 
validated in high-quality, multicenter studies.

Compared to the previous meta-analysis [11], our 
article has the advantage of incorporating more data 
and increasing the rates of Pelvic lymphadenectomy and 
nerve sparing. We conducted a more in-depth analysis 
and obtained different results in terms of surgical com-
plications and length of hospital stay. Nonetheless, the 
study exhibits certain limitations. The meta-analysis 
conspicuously lacked the incorporation of any Random-
ized Controlled Trials (RCTs). In the context of these two 
unique cohorts (obese versus nonobese), the execution 
of randomization and blinding within RCTs is practi-
cally unrealistic. Besides, there was inconsistency in the 
employed surgical techniques and a noticeable absence 
of standardized definitions for outcome measures across 

Table 2  Subgroup analysis of operative time
Stratified No.of studies I² WMD (95%CI) P value
Publication date
<2014 7 80% 29.3 (14.5,44.1) P = 0.0001
≥ 2014 4 41% 17.8 (9.7, 25.8) P = 0.03
Study type
prospective 6 81% 17.0(5.8, 28.2) P = 0.003
retrospective 6 85% 22.0(6.7, 37.3) P = 0.005
Blood loss volume
≤ 200 4 81% 10.6(0.6, 20.6) P = 0.04
>200 4 77% 34.3(14.4, 54.1) P = 0.0007
Never sparing
<80% 5 79% 13.7(2.5, 25.0) P = 0.02
≥ 80% 3 83% 43.8(11.8, 75.9) P = 0.007
Risk of Bias assessment
Moderate 7 85% 28.6(11.8, 45.4) P = 0.0009
Low 4 67% 9.8(2.7, 16.8) P = 0.007

Table 3  Subgroup analysis of estimated blood loss
Stratified No. of studies I² WMD (95%CI) P value
Publication date
<2014 6 83% 43.6(11.4, 75.8) P = 0.008
≥ 2014 3 99% 58.2(-10.0, 126.3) P = 0.09
Study type
prospective 5 98% 47.3(-7.3, 101.9) P = 0.09
retrospective 4 69% 56.5(14.1, 98.9) P = 0.009
Never sparing
<80% 3 84% 29.6(-5.4, 64.6) P = 0.10
≥ 80% 3 85% 52.9(-9.6, 115.4) P = 0.10
Risk of bias assessment
Moderate 4 89% 52.8(-9.9, 115.6) P = 0.10
Low 5 98% 49.1(-2.1, 100.3) P = 0.06
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different institutions. Lastly, some outcomes were reliant 
on data derived solely from three or four studies, thus 
compromising the reliability of these outcomes.

Conclusions
Based on the current meta-analysis, the perioperative 
outcomes, total complications, functional outcomes, and 
oncologic outcomes of RAPA in the obese group were 
worse than those in the non-obese group. This may sug-
gest that we should have a healthy lifestyle and control 
our weight. Further studies should be performed to eval-
uate the oncologic outcomes for obese patients undergo-
ing RARP.
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