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Abstract: Our study is to investigate the relationships between the metabolic syndrome (MS) components and the 
risks of the prostate cancer (PCa) in Chinese Han male population. We studied 186 PCa patients with or without MS 
and 107 healthy controls. Clinical data including age, body mass index (BMI), systolic blood pressure (SBP), diastolic 
blood pressure (DBP), fasting blood glucose (FBG), triglyceride (TG), total cholesterol (TCHO), high density lipoprotein 
(HDL), low density lipoprotein (LDL) and other related indicators were collected. The relationships between cases 
of PCa and controls were analyzed by t-test. The relationships between high-risk cases, low-risk cases and controls 
were analyzed by the analysis of variance (ANOVA) and ordinal logistic regression with SPSS 18.0. The age, BMI, 
DBP, TCHO and HDL were statistically significant between PCa patients and controls (P<0.05), but the age, DBP, TG, 
TCHO and HDL were statistically significant between high-risk cases, low-risk cases of PCa and controls these three 
groups (P<0.05). Among them, the age and TCHO were statistically significant not only between high-risk cases 
and controls but also between low-risk cases and controls. The DBP and HDL were statistically significant between 
high-risk cases and controls only. As mentioned, BMI is statistically significant between PCa cases and controls, 
but it is not statistically significant between high-risk cases, low-risk cases and controls these three groups and TG 
is just the opposite. It means that BMI is associated with the risks of PCa occurrence, which is not associated with 
high or low risks of occurred PCa. TG is associated with the high-risk of occurred PCa, which is not with the risks of 
PCa occurrence. The age, DBP, TCHO and HDL were associated with the risks of PCa occurrence and the degree of 
occurred PCa risks. BMI is associated with the risks of PCa occurrence and TG is associated with the high-risk of 
occurred PCa only.
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Introduction

Prostate cancer (PCa) is the second most com-
monly diagnosed cancer and the sixth cause of 
cancer-death worldwide [1]. It is estimated that 
1.6 million new cases of PCa were diagnosed 
and 500 thousand patients died of this disease 
in 2015 [2].

Metabolic syndrome (MS) which has become a 
major public health problem, is a disorder of 
energy utilization and storage [3]. The WHO 
definition of the MS is glucose intolerance, 
impaired fasting glucose, diabetes or insulin 
resistance, which plus at least two of the follow-
ing criteria: ① waist-to-hip ratio of >0.90 in 
men and >0.85 in women; ② Serum TG>150 
mg/dL (1.7 mmol/L); ③ HDL<35 mg/dL (0.9 
mmol/L) in men and <39 mg/dL (1.0 mmol/L) 

in women; ④ Blood Pressure >140/90 mmHg; 
⑤ Urinary albumin excretion rate >20 ug/min 
or albumin: creatinine ratio >30 mg/g [4].

The association between MS components and 
PCa development has not been studied com-
prehensively and published studies about the 
topic reported divergent results. Tande AJ. 
found that MS components were associated 
with a decreased PCa incidence [5], but Lund 
Håheim L. found that MS may increase PCa 
incidence by an association between insulin 
resistance and incidence of PCa [6].

Among the studies that have considered MS 
and its components, some have found a posi-
tive association in Scandinavians [7] and Afro-
Americans [8, 9], whereas others have found an 
inverse association in Scandinavians or whites 
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in the USA [10, 11]. Moreover, Martin RM found 
little evidence to support the hypothesis that 
the MS or its components explain higher PCa 
mortality rates [12].

In order to specifically address this issue, our 
study investigated the underlying associations 
of MS components with PCa development and 
progression in prevention and treatment of 
PCa.

Materials and methods

Ethics statement

This study was approved by the Ethics Com- 
mittee of the Second Hospital of Shandong 
University. Each eligible patient wrote the 
informed consent according to the Declaration 
of Helsinki.

Study subjects and inclusive and exclusive 
criteria

We admitted PCa patients who were Han indi-
viduals without other malignancies, hepato-
renal dysfunction and family history of PCa. 
Individuals with long-term administration of 
drugs which effect on blood lipids, blood pres-
sure or related metabolism were excluded. On 
the other hand, the controls with no dysuria  
or abnormity examined by anus touch or 
B-ultrasound, whose PSA was less than 4 ng/
ml, were admitted. This study was carried out 
between July 2013 and July 2015 in a popula-
tion of male patients (n=186) with pathological 
confirmed PCa and healthy controls (n=107) 

(cm), weight (kg), BMI, SBP and DBP were 
recorded. Venous blood was collected and 
common clinical laboratory indicators, includ-
ing FBG, TG, TC, LDL and HDL were measured 
and recorded. All the patients with PCa were 
confirmed by pathological results and the glea-
son scores were recorded. Age at biopsy, 
height, weight, digital rectal examination (DRE), 
pre-biopsy PSA levels, prostate volume, histo-
pathologic diagnosis after surgery and the glea-
son scores were collected from all patients.

Statistical analysis

The basic characteristics of cases and controls 
were analyzed by t-test. The results of the con-
trols, the low-risk and high-risk cases were 
compared using analysis of variance (ANOVA) 
for the categorical variables. The relationships 
between these three groups were analyzed by 
ordinal logistic regression. All analysis was con-
ducted using SPSS version 18.0 (SPSS Inc., 
Chicago, Illinois, USA). The p values of <0.05 
were regarded as statistical significance.

Result

Basic metabolic characteristics of cases and 
controls

The data collected allowed us to examine the 
features of the MS components in Chinese Han 
men population. In this study, two groups 
involved 293 Chinese Han males, including 
186 men with PCa and 107 ones with disease-
free controls. From Table 1, we find that cases 
were significantly older than controls (P<0.001). 

Table 1. The metabolic characteristics of cases and controls
Cases Controls

t P
n

_
x  ± s n

_
x  ± s

Age 186 76.67±7.598 107 69.17±8.259 7.707 <0.001
Height 61 170.23±4.870 101 169.76±5.450 0.565 0.573
Weigh 184 71.11±11.552 106 73.46±8.729 -1.816 0.070
BMI 61 24.48±3.861 101 25.67±3.040 -2.057 0.042
SBP 186 140.45±18.701 105 147.09±84.024 -1.034 0.302
DBP 186 79.63±11.657 105 85.38±13.022 -3.756 <0.001
FBG 177 5.78±1.795 90 6.00±1.311 -1.126 0.261
TG 95 1.28±0.635 84 1.58±0.952 -2.534 0.012
TCHO 96 4.58±0.993 84 5.72±1.185 -6.918 <0.001
HDL 92 1.24±0.298 83 1.37±0.265 -2.886 0.004
LDL 93 2.74±0.658 83 2.58±0.614 1.669 0.097

finally admitted to the Qilu and 
Second hospital of shandong 
university, the Shandong-provin- 
ced hospital and the Qianfoshan 
hospital of shandong province. 
Tumors with a gleason score ≥7 
and the stage of TNM ≥II were 
considered high-risk cases; glea-
son score <7 and the stage of 
TNM <II were considered low-
risk cases [13].

Data collection

All the data were collected from 
the hospitals mentioned above. 
The General information of the 
subjects, including age, height 
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In addition, BMI, DBP, TG, TCHO and HDL were 
statistically significant between cases and con-
trols (P<0.05), which means that cases have 
less BMI, DBP, TG, TCHO and HDL.

Results of the controls, the low-risk and the 
high-risk cases

Table 2 summarizes the results regarding to 
the clinical characteristics of the controls, the 
low-risk and high-risk cases by ANOVA. The age 
and TCHO of controls were statistically signifi-
cant from the low-risk and high-risk cases both 
(P<0.05), which means that controls have less 
age and larger TCHO statistically. The DBP,  

occurred PCa. TG is statistically significant 
between high-risk PCa cases and controls, but 
it is not statistically significant between PCa 
cases and controls. It means that TG is associ-
ated with the high-risk of occurred PCa, which 
is not with the risks of PCa occurrence.

The ordinal logistic regression result between 
the high-risk, low-risk cases and controls

Table 3 presents crude and adjusted ORs and 
95% CIs for the MS components according to 
the cases and controls. From Table 3, the P of 
age, DBP and TCHO were less than 0.05 statis-
tically, which means that age, DBP and TCHO 

Table 2. The Characteristics of the controls, the low-risk and the high-risk cases
Cases

Controls
F PHigh-risk cases Low-risk cases

n
_
x  ± s n

_
x  ± s n

_
x  ± s

Age 139 (76.69±7.688)a 47 (76.63±7.407)b 107 (69.17±8.259)a,b 30.963 <0.001
BMI 47 24.66±3.89 14 23.87±3.83 101 25.67±3.04 2.668 0.072
SBP 139 139.64±18.34 47 142.85±19.73 105 147.09±84.02 0.598 0.551
DBP 139 (78.94±11.58)a 47 81.66±11.76 105 (85.38±13.02)a 8.399 <0.001
FBG 133 5.76±1.74 44 5.85±1.97 90 6.00±1.31 0.576 0.563
TG 74 (1.25±0.63)a 21 1.39±0.66 84 (1.58±0.95)a 3.450 0.034
TCHO 75 (4.70±0.74)a,b 21 (4.15±1.56)a,b 84 (5.72±1.18)a,b 27.088 <0.001
HDL 73 (1.24±0.29)a 19 1.23±0.34 83 (1.37±0.27)a 4.153 0.017
LDL 74 2.74±0.62 19 2.75±0.81 83 2.58±0.61 1.380 0.254
Note: athe P of high-risk cases and controls <0.05; bthe P of low-risk cases and controls <0.05; cthe P of high-risk and low-risk 
Cases <0.05.

Table 3. The ordinal logistic regression result between high-risk, low-
risk cases and controls

Estimate S.E. Wald df Sig.
OR 95% CI

Lower Upper
Threshold high-risk 1.102 4.468 0.061 1 0.805 -7.656 9.860

low-risk 1.737 4.471 0.151 1 0.698 -7.027 10.501
Location age -0.108 0.034 9.937 1 0.002 -0.175 -0.041

BMI -0.002 0.087 <0.001 1 0.983 -0.172 0.168
SBP 0.007 0.004 2.262 1 0.133 -0.002 0.015
DBP 0.067 0.029 5.519 1 0.019 0.011 0.123
FBG 0.004 0.153 <0.001 1 0.980 -0.297 0.304
TG 0.610 0.588 1.076 1 0.300 -0.542 1.762

TCHO 2.024 0.612 10.951 1 <0.001 0.825 3.223
HDL 0.085 1.482 0.003 1 0.954 -2.820 2.989
LDL -2.802 0.808 12.030 1 <0.001 -4.385 -1.219

Logit Link-function: Link1=1.102-(-0.108*age-0.002*BMI+0.007*SBP+0.067*DB
P+0.004*FBG+0.610*TG+2.024*TCHO+0.085*HDL-2.802*LDL); Link2=1.737-(-
0.108*age-0.002*BMI+0.007*SBP+0.067*DBP+0.004*FBG+0.610*TG+2.024*TCH
O+0.085*HDL-2.802*LDL). 

TG and HDL were statisti-
cally significant (P<0.05) 
between controls and high-
risk cases without low-risk 
cases. The association bet- 
ween the high-risk and low-
risk cases was analyzed, 
which presents no statisti-
cally significance in all the 
information.

As mentioned, BMI is sta-
tistically significant bet- 
ween PCa cases and con-
trols, but it is not statisti-
cally significant between 
high-risk cases, low-risk 
cases and controls. It 
means that BMI is associ-
ated with the risks of PCa 
occurrence, which is not 
with high or low risks of 
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were associated with high-risk and low-risk 
cases from the controls. However, although the 
P of LDL was less than 0.001 statistically in 
Table 3, P of ANOVA (P=0.254) of them was 
larger than 0.05 in the Table 2, which means 
that LDL and other indicators were not associ-
ated high-risk and low-risk cases from the 
controls.

There were two logit link functions under the 
Table 3, which were used to predict the risks of 
PCa occurrence and the stage of occurred PCa. 
According to the logit link function and individu-
al indicators, we can get the result of link 1 and 
link 2. Then we can get the p result and predict 
the PCa incidence. For example, age=69, 
BMI=20.77, SBP=121, DBP=67, FBG=4.02, 
TG=0.62, TCHO=3.96, HDL=0.95, LDL=2.12, 
Link 1=0.709, Link 2=1.3447. P1=1/(1+Exp(-
0.7097))=0.670337, P2=1/(1+Exp(-1.3447))= 
0.793263, P3=1-(P1+P2)=-0.4636. Because 
P2 is the largest, the risk of PCa is low.

Discussion

PCa is a chronic disease that exhibits early ini-
tiation and slow progression, which is the most 
frequently diagnosed malignancy in industrial-
ized countries [14]. Epidemiological studies 
reported that the incidence of PCa in western 
countries was 10-15 times higher than that of 
Asian countries [15].

In 1988, Reaven [16] described Syndrome X as 
a cluster of clinical conditions that serve as risk 
factors for cardiovascular disease. MS is a clus-
ter of cardiovascular risk factors, including 
hypertension, diabetes mellitus, obesity, high 
TG and low HDL, with insulin resistance as the 
underlying hallmark feature [17].

MS was firstly observed as composite factors 
associated with PCa risks in 2004 [18]. In 
2007, Hsing et al. summarized five studies on 
MS and PCa risk, concluding that the epidemio-
logic evidence was insufficient to suggest a link 
between MS or its components and PCa [19]. 
Other authors also concluded that MS or its 
components was not associated with PCa risks 
[20]. Interestingly, Giovannucci et al. found a 
quite contrasting result when studying the PCa 
risk by age using data from the U.S. Health 
Professionals Follow-up Study: they found a sig-
nificant inverse association between body 
mass index (BMI) and PCa risk among men 

younger than 60 years but a weak positive 
association among men older than 60 [21].

The relationship between individual compo-
nents of MS and worse pathological results of 
PCa has been reported: patients with higher 
tumor grade and higher disease stage were not 
more obese or dyslipidemic, who had elevated 
visceral adipose tissue accumulation and fast-
ing plasma insulin levels [22]. The accumulat-
ing impact of MS components on PCa risk and 
mortality has also been evaluated. An increas-
ing number of MS components was correlated 
with a higher probability of PCa, as well as high-
er PCa mortality [23].

We studied prospectively the effects of MS 
components on the risk of PCa. The MS compo-
nents were assessed both separately and in 
clusters. Our main findings were that a cluster 
of factors related to the MS substantially 
increased the PCa risk. In our present study, 
the potential role of MS components in the 
diagnosis of PCa was further strengthened by 
the detailed evidence we gathered. As an 
increasing number of MS components became 
involved, components analyzed in this study, 
including BMI, DBP, TG, TCHO and HDL, were 
statistically less in the Cases Group.

Prostate cancer is rarely diagnosed in men 
younger than 50 years old, accounting for only 
2% of all cases. The median age at diagnosis is 
68 years, with 63% diagnosed after age 65. At 
85 years of age, the cumulative risk of clinically 
diagnosed prostate cancer ranges from 0.5% 
to 20% worldwide, despite autopsy evidence of 
microscopic lesions in approximately 30% of 
men in the fourth decade, 50% of men in the 
sixth decade, and more than 75% of men older 
than 85 years. In our study, Age at Diagnosis of 
cases was larger, which is the same with the 
results before.

In our study, TCHO and HDL were less in the 
cases groups. In our study, the TCHO and HDL 
level was statistically less in the Cases group. 
This hypo-TCHO and HDL may be the result 
rather than the cause of PCa, since it has 
already been demonstrated that the presence 
of cancer can cause decreased levels of this 
substance [24]. This has been confirmed by 
several epidemiological studies which demon-
strated people with cancer present lower levels 
of TCHO and HDL with reasons still unknown 
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[25]. However, the role of TCHO and HDL in the 
physiopathology of PCa was still controversial. 
Studies have provided evidence that TCHO and 
HDL was a mediator of signal trans duction pro-
cesses which were important for PCa tumor 
cell survival and disease progression [26]. 
TCHO and HDL was a precursor of androgenic 
hor mones, which interfere directly in the pro-
cess of genesis and progression of PCa [27].

BMI has been suggested as a risk factor for 
prostate cancer. Several studies have shown 
that BMI show significant positive correlation 
with markers of oxidative stress. Treatment of 
obesity through reduction in fat intake and 
increased exercise has been shown to reduce 
oxidative stress. Three large prospective stud-
ies, examining the association between obesity 
and prostate cancer risk, suggested that high 
BMI was associated with a lower risk of low-
grade disease but a greater risk of high-grade 
disease. In our study, BMI is associated with 
the risks of PCa occurrence, which is not with 
high or low risks of occurred PCa. Potential 
explanation include the association of obesity 
with higher serum estradiol, insulin, free IGF-1, 
and leptin levels, and lower free testosterone 
and adiponectin levels, which have also been 
associated with more aggressive prostate can-
cer. Another explanation is detection bias. 
Higher BMI has also shown to be associated 
with low serum PSA, which in high BMI men 
could lead to fewer biopsies.

Prostate cancer incidence and mortality rates 
around the world correlate highly with the aver-
age level of fat consumption, especially for 
polyunsaturated fats. In our study, TG is associ-
ated with the high-risk of occurred PCa. 
Potential mechanisms of action include fat-
induced changes in the hormonal milieu, induc-
tion of oxidative stress, and/or insulin-like 
growth factor (IGF-1). High levels of dietary fat 
stimulate proliferation of prostate cancer cells 
both in vitro and in vivo, and animal models 
have shown that a fat-free diet can reduce the 
growth of androgen-dependent tumors in the 
Dunning model.

There were many different opinions of molecu-
lar and cellular mechanism in this field. The 
precise underlying mechanisms of PCa remain 
unknown; nevertheless, genetic alterations 
and the role of metabolic disturbances in the 
pathogenesis of PCa, in cluding obesity, hyper-

insulinemia and insulin resistance, have been 
demonstrated [28]. In addition, MS has been 
suggested as a potential risk factor in the 
pathogenesis of PCa [29].

MS components were associated with a pro-
inflammatory state elevated levels of CRP, 
tumor necrosis factor-a (TNF-a), interleukin-8 
(IL-8), IL-6, and IL-1b, which were directly linked 
with PCa risk [30]. High TCHO levels linked to 
MS were correlated with increased risk of PCa 
[31]. Secondly, MS conditions can also alter 
circulat ing levels of insulin-like growth factor 
gene-1 (IGF-1), leptin and adiponectin, all of 
which were linked to PCa risk [32]. However, 
Esposito et al. demonstrated that MS was 
weakly and non-sig nificantly associated with 
PCa risk, associations of which vary with geo-
graphic location [33]. Therefore, the controver-
sial nature of existing data should be acknowl-
edged [34].

On the other hand, among the physio-patholog-
ical entities that comprise MS, IGF-I seemed to 
be the one which was most closely linked with 
PCa [35]. The hyper-insulinemia observed in 
patients with MS was the factor responsible for 
stimulating the production of IGF-I in the liver. 
This, as a potent mitogenic factor and apopto-
sis inhibitor, increases the cell turnover, which 
results in higher susceptibility to malignant 
transformation of cells. Serum levels of IGF-I 
higher than 60 ng/ml seem to be associated 
with an increased risk of development of PCa 
[36]. Another metabolic pathway possibly may 
be the increasing in TCHO levels. TCHO was an 
essential constituent of the cell plasmatic 
membrane, but when its levels become higher 
than a critical concentration, it can inhibit cell 
apoptosis through structures known as lipids 
rafts, which alter the mechanisms of signal 
transduction [37].

There were several limitations in our present 
study. Firstly, the relative smaller inclusion of 
subjects and lower number of variables might 
have an influence on the statistical analysis 
performance, which determines whether there 
was any correlation between MS components 
and the risk of PCa in a Chinese Han ethnic 
population. Secondly, the study de signed was 
similar to a case-control study, which was not 
as robust as a cohort study. The clinical data 
were extracted from cross-sectional studies, 
not longitudinal cohort studies, which might 
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have a negative effect on the optimization of 
acquisition parameters such as high DBP, low 
TG, low TCHO and low HDL. Thirdly, the patho-
logical stage data in some studies were extract-
ed from biopsy not radical prostatectomy speci-
mens. Last but not least, to date, there remain 
limited studies focusing on this association, 
although many of the available studies were 
well designed case-control or longitudinal 
cohort studies. Therefore, there is an urgent 
future need to confirm this association and to 
find potential mechanisms to explain how MS 
components affect the development or pro-
gression of PCa.

Acknowledgements

We acknowledge the work of collecting the  
date of patients in these hospitals (including 
Shandong Provinced Hospital, Qianfo Mount 
Hospital of Shandong Proince, Qilu Hospital of 
Shandong University). Supported by “Study on 
risk factors of prostate cancer and establish-
ment of screening model for high risk popula-
tion”, a clinical key project of China’s Ministry of 
Health; “Male disease early screening and mini-
mally invasive technology clinical medicine 
transformative platform construction and pro-
motion at the local level”, a science and tech-
nology plan for the people of Shandong prov-
ince; “Individual treatment strategies research 
of prostate cancer due to large clinical regis-
tered trials”, a science and technology de- 
velopment plan of Shandong province in the 
Key Laboratory for Kidney Regeneration of 
Shandong province.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Shengtian Zhao, 
Department of Urology, The Second Hospital of 
Shandong University, 247# Beiyuan Road, Jinan, 
China. E-mail: zhaoshengtian@sdu.edu.cn

References

[1] Jemal A, Bray F, Center MM, Ferlay J, Ward E, 
Forman D.. Global cancer statistics. CA Cancer 
J Clin 2011; 61: 69-90.

[2] N H, AM N and M K. SEER Cancer Statistics 
Review (CSR) 1975-2012. Cancer Statistics 
2015. 

[3] Xiang YZ, Xiong H, Cui ZL, Jiang SB, Xia QH, 
Zhao Y, Li GB, Jin XB. The association between 

metabolic syndrome and the risk of prostate 
cancer, high-grade prostate cancer, advanced 
prostate cancer, prostate-cancer specific mor-
tality and biochemical recurrence. J Exp Clin 
Cancer Res 2013; 32: 9.

[4] Glode LM. Metabolic syndrome and prostate 
cancer. Cancer 2008; 112: 2103-2105.

[5] Tande AJ, Platz EA, Folsom AR. The metabolic 
syndrome is associated with reduced risk of 
prostate cancer. Am J Epidemiol 2006; 164: 
1094-1102.

[6] Lund Håheim L, Wisløff TF, Holme I, Nafstad P. 
Metabolic syndrome predicts prostate cancer 
in a cohort of middle-aged Norwegian men fol-
lowed for 27 years. Am J Epidemiol 2006; 164: 
769-74.

[7] Laukkanen JA, Laaksonen DE, Niskanen L, 
Pukkala E, Hakkarainen A, Salonen JT. Meta-
bolic syndrome and the risk of prostate cancer 
in Finnish men: a population-based study. Can-
cer Epidemiol Biomarkers Prev 2004; 13: 
1646-1650.

[8] Beebe-Dimmer JL, Dunn RL, Sarma AV, Montie 
JE, Cooney KA. Features of the metabolic syn-
drome and prostate cancer in African-Ameri-
can men. Cancer 2007; 109: 875-881.

[9] Hall WD, Clark LT, Wenger NK, Wright JT Jr, Ku-
manyika SK, Watson K, Horton EW, Flack JM, 
Ferdinand KC, Gavin JR 3rd, Reed JW, Saun-
ders E, O’Neal W Jr; African-American Lipid 
and Cardiovascular Council. The Metabolic 
Syndrome in African Americans: a review. Ethn 
Dis 2003; 13: 414-28.

[10] Beebe-Dimmer JL, Nock NL, Neslund-Dudas C, 
Rundle A, Bock CH, Tang D, Jankowski M, Ry-
bicki BA. Racial differences in risk of prostate 
cancer associated with metabolic syndrome. 
Urology 2009; 74: 185-190.

[11] Katharine N. Sourbeer, Lauren E. Howard, Ger-
ald L. Andriol. Metabolic syndrome-like compo-
nents and prostate cancer risk: results from 
the Reduction by Dutasteride of Prostate Can-
cer Events (REDUCE) study. BJU Int 2015; 115: 
736-743.

[12] Martin RM, Vatten L, Gunnell D, Romundstad P 
and Nilsen TI. Components of the metabolic 
syndrome and risk of prostate cancer: the 
HUNT 2 cohort, Norway. Cancer Causes Con-
trol 2009; 20: 1181-1192.

[13] Oliver SE, Gunnell D, Donovan J, Peters TJ, 
Persad R, Gillatt D, Pearce A, Neal DE, Hamdy 
FC, Holly J. Screen-detected prostate cancer 
and the insulin-like growth factor axis: results 
of a population-based case-control study. Int J 
Cancer 2004; 108: 887-92.

[14] De Nunzio C, Aronson W, Freedland SJ, Giovan-
nucci E, Parsons JK. The correlation between 
metabolic syndrome and prostatic diseases. 
Eur Urol 2012; 61: 560-70.



MetS components and the risk of PCa

18506 Int J Clin Exp Med 2016;9(9):18500-18506

[15] Hsing AW, Devesa SS. Trends and patterns of 
prostate cancer: what do they suggest? Epide-
miol Rev 2001; 23: 3-13.

[16] Salazar MR, Carbajal HA, Reaven GM. Insulin 
resistance: The linchpin between prediabetes 
and cardiovascular disease. Diab Vasc Dis Res 
2016; 13: 157-63.

[17] Reaven GM. Role of insulin resistance in hu-
mandisease. Diabetes 1988; 37: 1595-1607.

[18] Laukkanen JA, Laaksonen DE, Niskanen L, 
Pukkala E, Hakkarainen A, Salonen JT. Meta-
bolic syndrome and the risk of prostate cancer 
in Finnish men: a population-based study. Can-
cer Epidemiol Biomarkers Prev 2004; 13: 
1646-1650.

[19] Hsing AW, Sakoda LC, Chua S Jr. Obesity, meta-
bolic syndrome, and prostate cancer. Am J Clin 
Nutr 2007; 86: s843-857.

[20] Esposito K, Chiodini P, Colao A, Lenzi A, Giugli-
ano D. Metabolic Syndrome and Risk of Can-
cer: A systematic review and meta-analysis. 
Diabetes Care 2012; 35: 2402-2411.

[21] Giovannucci E, Rimm EB, Liu Y, Leitzmann M, 
Wu K, Stampfer MJ, Willett WC. Body mass in-
dex and risk of prostate cancer in U.S. health 
professionals. J Natl Cancer Inst 2003; 95: 
1240-4.

[22] Qu YY, Dai B, Kong YY, Chang K, Ye DW, Yao XD, 
Zhang SL, Zhang HL, Yang WY. Influence of 
obesity on localized prostate cancer patients 
treated with radical prostatectomy. Asian J An-
drol 2013; 15: 747-52.

[23] Bhindi B, Locke J, Alibhai SM, Kulkarni GS, 
Margel DS, Hamilton RJ, Finelli A, Trachtenberg 
J, Zlotta AR, Toi A, Hersey KM, Evans A, van der 
Kwast TH, Fleshner NE. Dissecting the associ-
ation between metabolic syndrome and pros-
tate cancer risk: analysis of a large clinical co-
hort. Eur Urol 2015; 67: 64-70.

[24] Alexopoulos CG, Blatsios B, Avgerinos A. Se-
rum lipids and lipoprotein disorders in cancer 
patients. Cancer 1987; 60: 3065-3070.

[25] Fiorenza AM, Branchi A, Sommariva D. Serum 
lipoprotein profile in patients with cancer. A 
comparison with non-cancer subjects. Int J Clin 
Lab Res 2000; 30: 141-145.

[26] Zhuang L, Kim J, Adam RM, Solomon KR, Free-
man MR. Cholesterol targeting alters lipid raft 
composition and cell survival in prostate can-
cer cells and xenografts. J Clin Invest 2005; 
115: 959-968.

[27] Mydlo JH, Tieng NL, Volpe MA, Chaiken R, Kral 
JG. A pilot study analyzing PSA, serum testos-
terone, lipid profile, body mass index and race 
in a small sample of patients with and without 
carcinoma of the prostate. Prostate Cancer 
Prostatic Dis 2001; 4: 101-105.

[28] Kheterpal E, Sammon JD, Diaz M, Bhandari A, 
Trinh QD, Pokala N, Sharma P, Menon M, Agar-
wal PK. Effect of metabolic syndrome on 
pathologic features of prostate cancer. Urol 
Oncol 2013; 31: 1054-9.

[29] Sourbeer KN, Howard LE, Andriole GL, Moreira 
DM, Castro-Santamaria R, Freedland SJ, Vidal 
AC. Metabolic syndrome-like components and 
prostate cancer risk: results from the Reduc-
tion by Dutasteride of Prostate Cancer Events 
(REDUCE) study. BJU Int 2015; 115: 736-743.

[30] Zapolski T, Waciński P, Kondracki B, Rychta E, 
Buraczyńska MJ, Wysokiński A. Uric acid as a 
link between renal dysfunction and both pro-
inflammatory and prothrombotic state in pa-
tients with metabolic syndrome and coronary 
artery disease. Kardiol Pol 2011; 69: 319-26.

[31] Casella-Filho A, Chagas AC, Maranhão RC, 
Trombetta IC, Cesena FH, Silva VM, Tanus-San-
tos JE, Negrão CE, da Luz PL. Effect of exercise 
training on plasma levels and functional prop-
erties of high-density lipoprotein cholesterol in 
the metabolic syndrome. Am J Cardiol 2011; 
107: 1168-72.

[32] Doyle SL, Donohoe CL, Lysaght J, Reynolds JV. 
Visceral obesity, metabolic syndrome, insulin 
resistance and cancer. Proc Nutr Soc 2012; 
71: 181-9.

[33] Esposito K, Chiodini P, Capuano A, Bellastella 
G, Maiorino MI, Parretta E, Lenzi A, Giugliano 
D. Effect of metabolic syndrome and its com-
ponents on prostate cancer risk: meta-analy-
sis. J Endocrinol Invest 2013; 36: 132-9.

[34] Zhang JQ, Geng H, Ma M, Nan XY and Sheng 
BW. Metabolic Syndrome Components are As-
sociated with Increased Prostate Cancer Risk. 
Med Sci Monit 2015; 21: 2387-2396.

[35] Hammarsten J, Högstedt B. Hyperinsulinae-
mia: a prospective risk factor for lethal clinical 
prostate cancer. Eur J Cancer 2005; 41: 2887-
2895.

[36] Gomella LG, Labrie F, Gamito EJ, Brawer MK. 
Prostate cancer: risk assessment and diagnos-
tic approaches. Rev Urol 2001; 3 Suppl 2: S31-
38.

[37] Zhuang L, Kim J, Adam RM, Solomon KR, Free-
man MR. Cholesterol targeting alters lipid raft 
composition and cell survival in prostate can-
cer cells and xenografts. J Clin Invest 2005; 
115: 959-968.


