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Purpose: The aim of this study was to investigate the clinical significance of 7 circulating adipokines according to body mass 

index (BMI) in Korean men with localized prostate cancer (PCa) undergoing radical prostatectomy (RP).

Materials and Methods: Sixty-two of 65 prospectively enrolled patients with clinically localized PCa who underwent RP between 

2015 and 2016 were evaluated. Patients were classified into 2 groups according to their BMI: non-obese (＜25 kg/m2) and obese 

(≥25 kg/m2). The adipokines evaluated were interleukin-2, insulin-like growth factor 1 (IGF-1), chemerin, C-X-C motif chemokine 

10, adiponectin, leptin, and resistin. Multivariate logistic regression analysis was used to identify the independent predictors of 

advanced tumor stage.

Results: We found that obese patients with PCa who underwent RP had a higher incidence of tumors with a high Gleason score 

(≥8), pathological T3 (pT3) stage, and positive extraprostatic extension than patients with a normal BMI. Additionally, patients 

with obesity showed significantly lower serum adiponectin and higher serum leptin levels, but did not show differences in other 

adipokines. Multivariate analysis demonstrated that IGF-1 (odds ratio [OR]=1.03) was identified as a predictor of advanced tumor 

stage (≥pT3) in the overall population. However, only leptin remained an independent predictive factor for advanced tumor 

stage (≥pT3) (OR=1.15) in patients with obesity. 

Conclusions: In conclusion, our results indicate that a higher leptin level in obese men can be considered a risk factor for 

aggressive PCa. This prospective study provides greater insight into the role of circulating adipokines in Korean patients with PCa 

undergoing RP, particularly in patients with obesity.
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INTRODUCTION

The prevalence of obesity has increased over the last 
several decades in the USA and other countries because of 
lifestyle changes within the population [1]. Obesity is a 
crucial health problem because it is a well-known risk fac-
tor for common lifestyle diseases, such as diabetes melli-
tus, hypertension, and ischemic heart disease [2]. Further-
more, there is accumulating evidence that obesity is sig-
nificantly associated with an increased risk of cancer de-
velopment, recurrence, and cancer-related death for vari-
ous types of cancer, including prostate cancer (PCa) [3-5]. 
Considering that obesity commonly affects men, the rela-
tionship between obesity and PCa is a clinically important 
issue [6]. However, previous epidemiologic studies have 
yielded conflicting results, and the underlying molecular 
mechanisms of the impact of obesity on PCa biology has 
yet to be clarified. 

At the molecular level, patients with obesity have ex-
cessive amount of adipose tissue, and this tissue can pro-
duce various proteins, such as leptin, adiponectin, tumor 
necrosis factor (TNF)-α, and interleukin (IL)-6, which are 
classified as adipokines [7]. Factors secreted by adipocytes 
play an important role in communication with distant tis-
sues and organs, and ultimately regulate metabolic ho-
meostasis in the body [8]. In patients with PCa, circulating 
adipokines can influence the several carcinogenic mecha-
nisms of prostate cells [9]. Although many studies have ex-
plored the association between the profiles of adipokines 
and characteristics of cancer in patients with PCa with or 
without obesity, these studies have primarily analyzed 
Western populations.

Considering the different features of PCa between 
Western and Asian populations, we investigated the pro-
files of several circulating adipokines according to body 
mass index (BMI) in Korean patients with localized PCa 
treated with radical prostatectomy (RP) by prospectively 
collecting blood samples before surgery. Moreover, we 
sought to identify the predictors of advanced pathologic 
stage of PCa in these patients. We hypothesized that the 
baseline profiles of adipokines and significant predictors 
would be different between the non-obese and obese 
groups. 

MATERIALS AND METHODS
1. Ethics statement

After the Institutional Review Board of Seoul National 
University Bundang Hospital approved this study (No. 
B-1506-302-302), we prospectively enrolled 65 patients 
with clinically localized PCa who underwent RP between 
July 2015 and March 2016. We obtained written informed 
consent from all patients, and personal identifiers were re-
moved from the data with anonymized processing. All 
study protocols, including human resources, were ap-
proved by our hospital and were carried out in accordance 
with the Declaration of Helsinki guidelines.

2. Study sample 

Eligible patients were men aged between 40 and 80 
years with a diagnosis of adenocarcinoma of the prostate 
gland, no evidence of radiological metastatic disease in ei-
ther the lymph nodes or distant organs, and clinically lo-
calized disease treated with RP. Three patients were ex-
cluded because their samples failed to pass the quality 
control step before analysis. Of the 65 patients who were 
initially enrolled, we ultimately analyzed 62 patients with 
PCa who underwent RP. 

3. Study design

The enrolled patients were classified into 2 groups ac-
cording to their BMI: non-obese (＜25 kg/m2) and obese 
(≥25 kg/m2), based on the Clinical Practice Guidelines for 
Overweight and Obesity in Korea [10]. We collected data 
using the following various clinicopathological variables: 
age at surgery, BMI, diabetes mellitus, preoperative serum 
prostate-specific antigen (PSA) levels, preoperative serum 
adipokine and total cholesterol levels, digital rectal exami-
nation findings, total prostate volume assessed by trans-
rectal ultrasonography, clinical T stage, biopsy Gleason 
scores (GS), pathological T stage and GS, extraprostatic ex-
tension (EPE), seminal vesicle invasion, and positive surgi-
cal margin. 

For the analysis of preoperative serum adipokine levels, 
we collected 10 mL of blood from enrolled patients at our 
outpatient clinic before surgery. Blood samples were stor-
ed at 4°C and transferred to the Clinical Laboratory Ser-
vices department of Green Cross LabCell (Yongin, Korea) 
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Table 1. Baseline demographics of patients with prostate cancer who underwent radical prostatectomy according to BMI

Variable Non-obese group 
(BMI＜25 kg/m2) (n=25)

Obese group 
(BMI≥25 kg/m2) (n=37) p-value

Age at surgery (y) 68 (63.5∼73.0) 64 (60.0∼67.0) 0.009
BMI (kg/m2) 23.0 (21.5∼24.3) 26.7 (25.7∼27.6) ＜0.001
Diabetes 4 (16.0) 6 (16.2) 0.982
Total cholesterol (mg/dL) 165.0 (151.0∼182.7) 181.0 (161.0∼201.0) 0.061
Adipokine

Adiponectin (μg/mL) 7.72 (5.12∼9.57) 5.52 (4.00∼9.32) 0.005
Leptin (ng/mL) 6.80 (4.40∼9.60) 11.40 (6.60∼7.75) 0.004
IL-6 (pg/mL) 1.40 (0.93∼3.48) 1.24 (0.95∼1.75) 0.294
IGF-1 (ng/mL) 132.40 (111.25∼175.45) 141.10 (112.40∼165.75) 0.869
Resistin (ng/mL) 8.41 (5.41∼11.58) 8.26 (6.13∼11.19) 0.785
CXCL10 (pg/mL) 122.98 (103.78∼153.65) 121.70 (109.69∼166.32) 0.581
Chemerin (×103) (pg/mL) 74.0 (59.35∼88.14) 74.95 (65.56∼82.31) 0.791

Serum PSA level (ng/mL) 6.90 (4.72∼13.24) 11.00 (6.10∼15.49) 0.209
Prostate volume (total) (mL) 32.70 (28.95∼38.05) 40.10 (27.80∼47.00) 0.080
Clinical T stage 0.387

≤T2 24 (96.0) 32 (86.5)
≥T3 1 (4.0) 5 (13.5)

Biopsy GS 0.037
≤6 10 (40.0) 5 (13.5)

7 12 (48.0) 21 (56.8)
≥8 3 (12.0) 11 (29.7)

Pathologic T stage 0.042
≤pT2 21 (84.0) 22 (59.5)
≥pT3 4 (16.0) 15 (40.5)

Pathologic GS 0.304
≤6 1 (4.0) 0 (0)

7 20 (80.0) 27 (73.0)
≥8 4 (16.0) 10 (27.0)

EPE 4 (16.0) 15 (40.5) 0.040
SVI 0 3 (8.1) 0.144
Positive SM 5 (20.0) 9 (24.3) 0.690

Values are presented as median (range) or number (%).
BMI: body mass index, IL: interleukin, IGF: insulin-like growth factor, CXCL: C-X-C motif chemokine, PSA: prostate-specific 
antigen, GS: Gleason score, EPE: extraprostatic extension, SVI: seminal vesicle invasion, SM: surgical margin.

for the quantitative analysis of circulating adipokine 
levels. The following 7 key adipokines were measured us-
ing their respective detection kits: IL-6 (pg/mL) by the 
Quantikine HS Human IL-6 Immunoassay (R&D Systems, 
Inc., Minneapolis, MN, USA), insulin-like growth factor 1 
(IGF-1; ng/mL) by LIAISON IGF-1 (Diasorin, Saluggia, 
Italy), chemerin (pg/mL) by the Human Chemerin Immu-
noassay (R&D Systems, Inc.), C-X-C motif chemokine 10 
(CXCL10; pg/mL) by the hIP-10 Qkit (R&D Systems, Inc.), 
adiponectin (μg/mL) by the Human Adiponectin ELISA 
kit (BioVendor, Karasek, Czech Republic), leptin (ng/mL) 

by the Human Leptin RIA kit (LINCO Research, Inc., St. 
Charles, MO, USA), and resistin (ng/mL) by the Human 
Resistin ELISA Kit (AdipoGen, San Diego, CA, USA).

4. Statistical analysis

We conducted a descriptive analysis of the clin-
icopathological characteristics of the enrolled patients. 
The results are presented as the proportion of relevant 
events or as median values with an interquartile range. To 
identify statistically significant differences between the 2 
groups, we performed the Mann-Whitney U-test for con-



60   World J Mens Health Vol. 36, No. 1, January 2018

Fig. 1. Comparison of the serum levels of leptin (A) and adiponectin (B) in patients with clinically localized prostate cancer who 
underwent radical prostatectomy according to their body mass index (non-obese [＜25 kg/m2] vs. obese [≥25 kg/m2]). Values of 
adipokine levels are represented as mean±standard deviation (**p＜0.01).

Fig. 2. Comparison of the levels of other circulating adipokines, including IL-6, IGF-1, chemerin, CXCL-10, resistin, and cholesterol in 
patients with clinically localized prostate cancer who underwent radical prostatectomy according to their body mass index (non-obese 
[＜25 kg/m2] vs. obese [≥25 kg/m2]). Values of adipokine levels are represented as mean±standard deviation. IL: interleukin, IGF: 
insulin-like growth factor, CXCL: C-X-C motif chemokine.

tinuous variables and the chi-square test for categorical 
variables. Multivariate logistic regression analysis was 
used to identify the independent predictors for advanced 
tumor stage (≥pathological T3 [pT3]). Receiver operating 
characteristic (ROC) curve analysis was conducted to de-
termine the predictive accuracy of significant predictors of 

advanced tumor stage. Two-sided p-values ＜0.005 were 
considered to indicate statistical significance. IBM SPSS 
ver. 22.0 (IBM Co., Armonk, NY, USA) and GraphPad 
Prism software (GraphPad Software Inc., San Diego, CA, 
USA) were used for all statistical analyses in the present 
study.
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Table 2. Multivariate logistic regression models for predicting advanced tumor stage in all patients with prostate cancer who 
underwent radical prostatectomy

Variable
Univariate Multivariate

OR 95% CI p-value OR 95% CI p-value

Age at surgery 1.07 0.98∼1.18 0.127 - - -
BMI (kg/m2)

Non-obese (＜25) Reference Reference
Obese (≥25) 3.58 1.02∼12.55 0.046 3.32 0.66∼16.56 0.146

Diabetes 0.52 0.09∼2.69 0.431 - - -
Total cholesterol 0.99 0.98∼1.01 0.815 - - -
Adipokine - -

Adiponectin 0.97 0.88∼1.06 0.534 - - -
Leptin 1.13 0.92∼1.39 0.249 - - -
IL-6 0.81 0.62∼1.06 0.133 - - -
IGF-1 1.02 1.01∼1.04 0.008 1.03 1.01∼1.05 0.022
Resistin 0.90 0.78∼1.05 0.196 - - -
CXCL10 1.01 0.99∼1.02 0.138 - - -
Chemerin 1.00 0.98∼1.01 0.767 - - -

Serum PSA 1.06 1.01∼1.12 0.018 1.03 0.98∼1.09 0.255
Prostate volume 0.99 0.96∼1.04 0.967 - - -
Clinical T stage

≤cT2 Reference Reference
≥cT3 15.00 1.61∼139.58 0.017 8.56 0.67∼108.55 0.098

Biopsy GS
≤7 Reference Reference
≥8 10.83 2.76∼42.53 0.001 5.64 1.12∼28.16 0.035

OR: odds ratio, CI: confidence interval, BMI: body mass index, IL: interleukin, IGF: insulin-like growth factor, CXCL: C-X-C 
motif chemokine, PSA: prostate-specific antigen, GS: Gleason score.

RESULTS

Table 1 shows the baseline characteristics of patients 
with localized PCa who underwent RP according to pre-
operative BMI (＜25 kg/m2 or ≥25 kg/m2). Although the 
obese patients (BMI ≥25 kg/m2) were younger than the 
patients with a lower BMI (＜25 kg/m2), they had a higher 
proportion of advanced tumors, with higher rates of a GS 
≥8, pT3 stage, and positive EPE. Additionally, patients 
with obesity had significantly lower serum adiponectin 
(5.52 μg/mL vs. 7.72 μg/mL) and higher leptin levels 
(11.40 ng/mL vs. 6.80 ng/mL) than those with a normal 
BMI, as shown in Fig. 1. However, no significant differ-
ences were found between the 2 groups in the levels of the 
other adipokines that were evaluated, total cholesterol 
levels, or the proportion of participants with diabetes mel-
litus (Fig. 2). 

We then investigated whether serum adipokine levels 

were significant predictive factors for pathological out-
comes in the overall population of patients with PCa by 
performing multivariate analysis. Notably, IGF-1 (odds ra-
tio [OR]=1.03; 95% confidence interval [CI], 1.01∼1.05) 
and a high GS (≥8) (OR=5.64; 95% CI, 1.12∼28.16) 
were identified as predictors of advanced tumor stage (≥pT3) 
after adjusting for various clinicopathological variables 
(Table 2). Furthermore, when we performed multivariate 
analysis in obese patients with PCa, only leptin remained 
a significant predictive factor of pathologically advanced 
tumors (≥pT3) (OR=1.15; 95% CI, 1.01∼1.32) (Table 
3). However, no adipokines were identified as predictors 
of aggressive tumors with a GS ≥8, even in the univariate 
analysis (data not shown).

To evaluate the predictive accuracy of IGF-1 and leptin, 
we performed an ROC curve analysis of IGF-1 and leptin 
to assess their ability to discriminate advanced tumor stage 
(≥pT3) in the overall and obese patient populations, 
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Table 3. Multivariate logistic regression models for predicting advanced pathological stage in obese patients with a BMI greater
than 25 kg/m2 with prostate cancer who underwent radical prostatectomy

Variable
Univariate Multivariate

OR 95% CI p-value OR 95% CI p-value

Age at surgery 1.10 0.97∼1.25 0.128 - - -
BMI 1.29 0.76∼2.16 0.336 0.96 0.40∼2.29 0.93
Diabetes 0.24 0.02∼2.32 0.220 - - -
Total cholesterol 1.01 0.98∼1.02 0.780 - - -
Adipokine

Adiponectin 0.86 0.66∼1.14 0.304 - - -
Leptin 1.13 1.01∼1.27 0.049 1.15 1.01∼1.32 0.045
IL-6 0.87 0.64∼1.18 0.379 - - -
IGF-1 1.02 0.99∼1.03 0.135 - - -
Resistin 0.89 0.73∼1.09 0.264 - - -
CXCL10 1.01 0.99∼1.02 0.310 - - -
Chemerin 1.00 1.00∼1.00 0.194 - - -

Serum PSA 1.04 0.97∼1.10 0.204 1.05 0.97∼1.14 0.212
Prostate volume 0.98 0.94∼1.03 0.508
Clinical T stage

≤cT2 Reference Reference
≥cT3 7.64 0.76∼76.89 0.084 3.49 0.20∼60.87 0.390

Biopsy GS
≤7 Reference Reference
≥8 3.93 0.89∼17.36 0.070 4.25 0.82∼22.03 0.084

BMI: body mass index, OR: odds ratio, IL: interleukin, IGF: insulin-like growth factor, CXCL: C-X-C motif chemokine, PSA: 
prostate-specific antigen, GS: Gleason score.

Fig. 3. Receiver operating characteristic curve and corresponding AUC analysis of IGF-1 in the overall population (A) and leptin in the 
obese population (B), respectively, assessing their ability to discriminate advanced tumor stage (≥pathologic T3) in patients with 
prostate cancer who underwent radical prostatectomy. IGF: insulin-like growth factor, AUC: area under the curve.

respectively. The area under the curve values of IGF-1 and 
leptin were 0.751 (p=0.002) and 0.718 (p=0.026) with 
statistical significance, as shown in Fig. 3. 

DISCUSSION

To the best of our knowledge, this is the first prospective 
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study to investigate the profiles of serum adipokines and to 
identify the predictors of advanced tumor stage in Korean 
men with localized PCa who underwent RP. Notably, 
obese patients with PCa had significantly lower serum adi-
ponectin and higher serum leptin levels than those with a 
normal BMI, but no significant differences were found in 
the other adipokines that were analyzed. More im-
portantly, while IGF-1 was identified as a significant pre-
dictor of advanced tumor stage in the overall population, 
our study demonstrated that only leptin remained an in-
dependent factor for predicting advanced tumor stage in 
obese patients with PCa. In this regard, we believe that a 
high leptin level in men with obesity should be considered 
a significant risk factor for aggressive PCa following surgery.

Recent studies have shown that patients with obesity 
are at a higher risk of developing cancer and have worse 
survival outcomes than those without obesity [11]. 
Regarding the potential underlying mechanisms of the re-
lationship between obesity and tumor biology, several 
factors have been suggested, including enhanced secre-
tion of steroid hormones, chronic insulin resistance, and a 
sub-chronic inflammatory state [2]. Obesity is also asso-
ciated with an increased risk of PCa, particularly for 
high-risk or advanced-stage tumors, as well as an in-
creased risk of disease recurrence [12,13]. Additionally, 
higher BMI is associated with a higher risk of upstaging 
and upgrading in patients with low-risk PCa [14]. Consis-
tent with these findings, our data showed that obese pa-
tients with a BMI greater than 25 kg/m2 had a higher pro-
portion of tumors with a high GS (≥8), pT3 stage, and pos-
itive EPE than those with a BMI less than 25 kg/m2. 

Mechanistically, there are 3 potential molecular path-
ways linking obesity and advanced-stage PCa: the IGF-1 
signaling pathway, the sex hormone axis, and various adi-
pokines [15]. Adipokines are of significant research inter-
est because they directly influence cancer cells via the 
bloodstream; furthermore, they can be used as simple and 
useful biomarkers for predicting disease status [7]. In addi-
tion to the endocrine effects of circulating adipokines on 
target cancer cells, paracrine effects are also crucial to the 
progression of PCa, particularly in the case of capsular in-
vasion or periprostatic fat invasion [7]. Through these 2 
pathways, the malignant cells of the prostate gland are per-
sistently exposed to increased levels of various adipo-

kines, which act as anti-apoptotic, proliferative, and an-
giogenic factors, potentiating their ability for proliferation 
and progression [9]. 

In our study, leptin was identified as a significant pre-
dictive factor of advanced PCa in obese patients, which is 
consistent with previous studies demonstrating that leptin 
was associated with tumorigenesis and progression of PCa 
through its mediation of key oncogenic signaling mole-
cules [16]. Iwamoto and colleagues showed that leptin 
promoted cell proliferation by inducing the JNK pathway 
in human PCa cells (DU145 and PC-3) [17]. In a study by 
Somasundar et al [18], leptin inhibited tumor cell apopto-
sis by activating the AKT signaling pathway in DU145 
cells, and led to enhanced cell growth and survival via up-
regulation of the ERK signaling pathway in PC-3 cells. 
Moreover, leptin significantly enhanced cellular migra-
tion by activating the expression of various growth factors 
for angiogenesis and the epithelial-mesenchymal tran-
sition, such as vascular endothelial growth factor (VEGF) 
and transforming growth factor-β1, in androgen-in-
dependent PCa cells [19]. Therefore, leptin can be re-
garded as an adipokine that leads to negative outcomes in 
obese patients with PCa who undergo surgery, but not in 
patients with a normal BMI.

Several limitations of the current study should be 
acknowledged. First, the small number of patients eval-
uated is a crucial drawback despite the prospective nature 
of our study, and therefore our conclusions cannot be gen-
eralized to all obese patients with localized PCa based on 
the results of this study alone. Second, some well-known 
prognostic factors of PCa, such as preoperative PSA, biop-
sy GS, and clinical T stage, were not identified as in-
dependent predictors of advanced PCa in the multivariate 
analysis. We note that the present study only included 
clinically localized cases of PCa treated with surgery with 
similar clinicopathological characteristics, and we spec-
ulate that this selection bias may have influenced the final 
statistical outcomes. Third, although GS is the most critical 
factor for the prognosis of PCa, we were not able to identi-
fy adipokines that showed a statistically significant ability 
to predict high GS (≥8) in the univariate or multivariate 
analysis. We hope to identify which serum adipokines are 
useful for predicting higher GS in a follow-up study with a 
larger study population size to ensure the clinical sig-
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nificance of these novel biomarkers. Fourth, we did not 
measure lipid profile parameters, including low-density 
lipoprotein, high-density lipoprotein, and triglycerides, as 
well as other potential adipokines, such as IL-2, VEGF, and 
TNF-α. Fifth, we measured circulating adipokine levels at 
a single time point with biological duplication. To im-
prove the quality of the data, we should perform repeated 
measurements and compare the levels of each adipokine 
through an internal validation study. Sixth, we were not 
able to determine whether adipokines predicted bio-
chemical recurrence because few recurrence events (n=6) 
took place during the short-term study period. Since the 
prediction of disease recurrence using simple biomarkers 
is of great clinical importance, an extended analysis 
should be carried out with a long-term follow-up period in 
the future. Finally, the key results of this study were based 
on a single-center database, and therefore an external vali-
dation study should be performed to verify our findings.

CONCLUSIONS

In summary, obese patients (BMI ≥25 kg/m2) with PCa 
who underwent RP had a higher proportion of tumors with 
high GS (≥8), pT3 stage, and positive EPE, as well as low-
er serum adiponectin and higher serum leptin levels than 
patients with a normal BMI, but they did not show differ-
ences in the other adipokines that were evaluated. 
Furthermore, leptin was identified as a significant predictor 
of advanced tumor stage in obese patients with PCa, in-
dicating that a higher leptin level in men with obesity can 
be considered a risk factor for aggressive PCa. Our pro-
spective study provides insights into the role of circulating 
adipokines in Korean patients with PCa undergoing RP, 
particularly in patients with obesity.

ACKNOWLEDGEMENTS

This work was funded by a research grant from the 
Seoul National University Bundang Hospital (grant num-
ber 14-2015-020). This study was also supported by the 
Basic Science Research Program through the NRF funded 
by the Ministry of Education (No. 2016R1D1A1A02936950). 

Disclosure

The authors have no potential conflicts of interest to disclose.

Author Contribution

Research conception & design: Kang M, Hong SK. Performing the 

experiments: Kang M, Hong SK. Data acquisition: Kang M, Byun SS, 

Lee SE, Hong SK. Data analysis and interpretation: Kang M, Hong SK. 

Statistical analysis: Kang M, Hong SK. Drafting of the manuscript: 

Kang M. Critical revision of the manuscript: Byun SS, Lee SE, Hong 

SK. Receiving grant: Kang M, Hong SK. Approval of final manuscript: 

all author

ORCID

Minyong Kang, https://orcid.org/0000-0002-6966-8813

Seok-Soo Byun, https://orcid.org/0000-0001-9356-9500

Sang Eun Lee, N/A

Sung Kyu Hong, https://orcid.org/0000-0002-8344-6774

REFERENCES

1. Tsujimoto T, Kajio H, Sugiyama T. Obesity, diabetes, and 
length of time in the United States: Analysis of National 
Health and Nutrition Examination Survey 1999 to 2012. 
Medicine (Baltimore) 2016;95:e4578. 

2. Calle EE, Kaaks R. Overweight, obesity and cancer: epi-
demiological evidence and proposed mechanisms. Nat Rev 
Cancer 2004;4:579-91.

3. Byers T, Sedjo RL. Body fatness as a cause of cancer: epi-
demiologic clues to biologic mechanisms. Endocr Relat Cancer 
2015;22:R125-34. 

4. Allott EH, Masko EM, Freedland SJ. Obesity and prostate 
cancer: weighing the evidence. Eur Urol 2013;63:800-9. 

5. Parikesit D, Mochtar CA, Umbas R, Hamid AR. The impact 
of obesity towards prostate diseases. Prostate Int 2016;4:1-6. 

6. Golabek T, Bukowczan J, Chłosta P, Powroźnik J, Dobruch 
J, Borówka A. Obesity and prostate cancer incidence and 
mortality: a systematic review of prospective cohort studies. 
Urol Int 2014;92:7-14. 

7. Mistry T, Digby JE, Desai KM, Randeva HS. Obesity and 
prostate cancer: a role for adipokines. Eur Urol 2007;52:46- 
53. 

8. McGown C, Birerdinc A, Younossi ZM. Adipose tissue as an 
endocrine organ. Clin Liver Dis 2014;18:41-58. 

9. Baillargeon J, Rose DP. Obesity, adipokines, and prostate 
cancer (review). Int J Oncol 2006;28:737-45.

10. Kim MK, Lee WY, Kang JH, Kang JH, Kim BT, Kim SM, et 
al. 2014 clinical practice guidelines for overweight and obe-
sity in Korea. Endocrinol Metab (Seoul) 2014;29:405-9. 



Minyong Kang, et al: Role of Adipokines in Obese Patients with PCa    65

www.wjmh.org

11. Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. 
Body-mass index and incidence of cancer: a systematic re-
view and meta-analysis of prospective observational studies. 
Lancet 2008;371:569-78. 

12. Discacciati A, Orsini N, Wolk A. Body mass index and in-
cidence of localized and advanced prostate cancer: a dose- 
response meta-analysis of prospective studies. Ann Oncol 
2012;23:1665-71. 

13. Cao Y, Ma J. Body mass index, prostate cancer-specific mor-
tality, and biochemical recurrence: a systematic review and 
meta-analysis. Cancer Prev Res (Phila) 2011;4:486-501. 

14. de Cobelli O, Terracciano D, Tagliabue E, Raimondi S, 
Galasso G, Cioffi A, et al. Body mass index was associated 
with upstaging and upgrading in patients with low-risk pros-
tate cancer who met the inclusion criteria for active 
surveillance. Urol Oncol 2015;33:201.e1-8. 

15. Roberts DL, Dive C, Renehan AG. Biological mechanisms 
linking obesity and cancer risk: new perspectives. Annu Rev 

Med 2010;61:301-16. 
16. Alshaker H, Sacco K, Alfraidi A, Muhammad A, Winkler M, 

Pchejetski D. Leptin signalling, obesity and prostate cancer: 
molecular and clinical perspective on the old dilemma. 
Oncotarget 2015;6:35556-63. 

17. Onuma M, Bub JD, Rummel TL, Iwamoto Y. Prostate cancer 
cell-adipocyte interaction: leptin mediates androgen-inde-
pendent prostate cancer cell proliferation through c-Jun 
NH2-terminal kinase. J Biol Chem 2003;278:42660-7. 

18. Somasundar P, Frankenberry KA, Skinner H, Vedula G, 
McFadden DW, Riggs D, et al. Prostate cancer cell pro-
liferation is influenced by leptin. J Surg Res 2004;118:71- 
82.

19. Frankenberry KA, Somasundar P, McFadden DW, Vona- 
Davis LC. Leptin induces cell migration and the expression 
of growth factors in human prostate cancer cells. Am J Surg 
2004;188:560-5.


