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Abstract. The aim of this study was to investigate the association between serum total cholesterol (TC) level and biochemical
recurrence (BCR) following radical prostatectomy (RP). The
study included 562 patients with T1‑3N0M0 prostate cancer,
who underwent RP at our institution between 2002 and 2010.
No patients received neoadjuvant and̸or adjuvant therapy. The
associations between preoperative TC level, clinicopathological factors and BCR were assessed using univariate and
multivariate analyses. During follow‑up (mean, 54.0 months),
168 patients (168̸562, 29.9%) experienced BCR, with a 5‑year
BCR‑free rate of 67.2%. Of the clinicopathological characteristics investigated, statin use and lymphovascular invasion
(LVI) status were associated with lower TC level (P=0.003
and P=0.014, respectively). In the univariate analysis, a higher
serum prostate‑specific antigen (PSA) level at diagnosis,
extracapsular extension, positive surgical margin, seminal
vesicle invasion, LVI, perineural invasion, higher Gleason
score (GS ≥8) based on the RP specimen, increased body
mass index, and low preoperative TC level, were significantly
associated with BCR. In the multivariate analysis, the TC level
was an independent predictor of BCR (hazard ratio = 0.925
per 10 mg̸dl; 95% confidence interval: 0.879‑0.973; P=0.003),
as was the serum PSA level, extracapsular extension, positive
surgical margin and the GS. Low preoperative serum TC
levels were associated with an increased risk of BCR among
prostate cancer patients who underwent RP. Our findings
suggest that the preoperative serum TC level may provide
important clinical information that may prove to be useful in
patient counseling.

Introduction
Following introduction of the prostate‑specific antigen (PSA)
screening test, the majority of prostate cancer patients are diagnosed in the early stages of the disease and undergo definitive
local treatment, such as radical prostatectomy (RP) and radiotherapy. However, a subset of patients experience biochemical
recurrence (BCR) or succumb to prostate cancer (1,2). Thus,
prevention of recurrence and progression to lethal prostate
cancer represents a major public health challenge.
The established risk factors for prostate cancer are age,
race and family history, which are all non‑modifiable (1). To
date, several researchers have investigated the association
between modifiable lifestyle factors, such as obesity, smoking
and a high‑fat diet, and the risk and prognosis of prostate
cancer (1,3). The identification of modifiable factors that
affect the clinical course of prostate cancer may be useful for
preventing recurrence and progression after definitive local
treatment. Recent studies have demonstrated a decreased
risk of high‑grade prostate cancer in men with lower circulating total cholesterol (TC) levels (4‑6). In addition, several
studies reported that statin, a cholesterol‑lowering drug, may
protect against high‑stage or high‑grade prostate cancer (7).
Furthermore, it has been demonstrated that statins decrease
the risk of BCR or prostate cancer‑specific mortality (8,9).
However, to date, only a limited number of studies have investigated the association between pretreatment serum TC level
and the prognosis of prostate cancer, particularly in the PSA
era. The aim of this study was to investigate the clinical implications of preoperative serum TC level in Japanese prostate
cancer patients who underwent RP.
Patients and methods
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Patients. This retrospective study was conducted according
to the Ethical Guidelines for Clinical Studies of the Ministry
of Health, Labor and Welfare of Japan, and was approved by
the Ethics Committee of our institution (no. 1621). Clinical
data from 719 Japanese patients who underwent RP and pelvic
lymph node dissection for clinical T1‑3N0M0 prostate cancer at
our institution from 2000 to 2010 were collected by reviewing
the patients' medical charts. Patients who received neoadjuvant
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hormonal therapy (n=112) or high‑intensity focused ultrasonography (n=1) and patients with unavailable serum TC level
data (n=44) were excluded from the study. Finally, a total of
562 patients were included in our study. These patients were
treated by open retropubic (n=316) or robot‑assisted (n=246) RP,
and only lymph node sampling was performed. Clinical stages
were assigned according to the 2002 TNM staging system (10),
and pathology outcomes, such as pathological stage, status of
surgical margins, lymphovascular invasion (LVI), perineural
invasion (PNI) and the Gleason score (GS) of the RP specimens,
were obtained from the official pathology reports. Peripheral
blood samples were primarily obtained from all the patients
at the time of hospitalization. Data on statin use was extracted
from the patients' records at the time of RP. Body mass index
(BMI) was calculated as weight (kg) divided by the square of
the height (m2) and expressed as kg̸m2.
Data analyses. The data were expressed as mean ± standard
deviation (SD). The primary outcome measure in this study was
BCR. The time of BCR was defined as the earliest date that the
postoperative serum PSA levels increased to ≥0.2 ng̸ml, and
BCR was confirmed by a second PSA examination result that
was equal to or higher than the initially recorded PSA levels.
The day of surgery was reported as the PSA recurrence day if
postoperative serum PSA levels did not decrease to ≤0.1 ng̸ml.
Factors analyzed included age at RP, preoperative serum PSA
levels, BMI, preoperative serum TC level, statin use, and all
relevant pathological factors [GS, extracapsular extension
(ECE), seminal vesicle invasion (SVI), surgical margin status,
LVI, PNI and lymph node metastasis] of the RP specimen.
Age at RP, preoperative serum PSA levels, BMI and preoperative TC level were included as continuous variables. BMI was
also analyzed as a categorical variable in the Cox regression
analyses. Patients were classified using the World Health
Organization criteria as follows: BMI <25 kg̸m 2 (normal
weight), BMI 25‑30 kg̸m2 (overweight) and BMI ≥30 kg̸m2
(obesity) (11). The variables of the different groups were compared
using the Pearson's Chi‑square test, the Mann‑Whitney U test, or
analysis of variance. Univariate and multivariate Cox regression
analyses were performed to assess the association between BCR
and the clinicopathological variables. Multivariate Cox regression analyses were performed using a forward stepwise variable
selection procedure, and survival curves were constructed using
the Kaplan‑Meier method with log‑rank tests. The patients
were divided into two groups by the cut‑off identified by the
root node in a recursive partitioning analysis according to the
previous report by de Martino et al (12). All P‑values were
two‑tailed, and P‑values <0.05 were considered to indicate
statistically significant differences. All statistical analyses were
performed using Stata software, version 11 (StataCorp, College
Station, TX, USA) and JMP software, version 9 (SAS Institute,
Cary, NC, USA).
Results
Serum TC level and clinicopathological factors. The
patients' characteristics are summarized in Table I. The
mean ± SD serum TC level of all patients was 209±32.1 mg̸dl
(median, 209 mg̸dl; interquartile range, 190‑230 mg̸dl). The
serum TC level was found to be significantly correlated with

Table I. Patient characteristics (n=562).
Characteristics
Age, years
PSA, ng/ml
Body mass index, kg/m2
<25
25‑30
≥30
Total serum cholesterol, mg/dl
Statin use
No
Yes
Clinical stage
T1c
T2
T3
Pathological factors
RP Gleason score
≤6
7
≥8
Extracapsular extension
(‑)
(+)
Seminal vesicle invasion
(‑)
(+)
Surgical margin
(‑)
(+)
Lymphovascular invasion
(‑)
(+)
Perineural invasion
(‑)
(+)
Lymph node metastases
(‑)
(+)

Valuesa
65.9±6.4
10.6±10.1
23.7±2.9
377 (67.1)
170 (30.2)
15 (2.7)
209±32.1
493 (87.7)
69 (12.3)
417 (71.2)
136 (27.2)
9 (1.6)

100 (17.8)
338 (60.1)
124 (22.1)
381 (67.8)
181 (32.2)
511 (90.9)
51 (9.1)
306 (54.4)
256 (45.6)
414 (73.7)
148 (26.3)
242 (43.1)
320 (56.9)
555 (98.8)
7 (1.2)

Presented as mean ± standard deviation or numbers (percentages).
RP, radical prostatectomy.
a

age (Spearman's r = ‑0.101, P=0.016), but not with PSA level
(P=0.737) or BMI (P=0.274) (data not shown). In addition, low
TC level was found to be significantly associated with statin
use and presence of LVI (P=0.003 and P=0.014, respectively;
Table II).
Serum TC level and prognosis. During follow‑up (mean,
54.0 months), 168 patients (168̸562, 29.9%) experienced
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Table II. Association between serum TC level and clinicopathological factors.
Serum TC level
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factors
Mean
SD
Statin use			
No
211
31.7
Yes
199
33.0
Clinical T stage			
T1c
209
32.6
T2a
217
32.1
T2b
211
28.2
T2c
204
8.3
T3
213
10.7
Gleason score			
≤7
211
32.0
≥8
207
32.2
Extracapsular extension			
(‑)
210
30.4
(+)
210
35.5
Seminal vesicle invasion			
(‑)
210
32.2
(+)
204
30.5
Surgical margin			
(‑)
208
32.0
(+)
212
32.2
Lymphovascular invasion			
(‑)
211
31.9
(+)
204
32.1
Perineural invasion			
(‑)
209
32.1
(+)
210
32.1
Lymph node metastases			
(‑)
210
32.2
(+)
212
22.5

P-value
0.003
0.292

0.280
0.867
0.229
0.232
0.014
0.663
0.834

SD, standard deviation; TC, total cholesterol.

BCR, with a 5‑year BCR‑free rate of 67.2%. In the univariate
analysis, a higher serum PSA level at diagnosis, advanced
clinical tumor stage, ECE, positive surgical margin, SVI,
LVI, PNI, higher GS (GS ≥8) based on the RP specimen,
increased BMI, and a lower preoperative serum TC level,
were significantly associated with BCR (Table III). BCR‑free
survival curves according to the TC level are presented
in Fig. 1. The cut‑off TC level was defined by recursive
partitioning analysis. The 5‑year BCR‑free rate in patients
with high TC level (TC ≥220 mg̸dl) was higher compared
with that in patients with low TC levels (TC <220 mg̸dl)
(72.8 vs. 64.0%, respectively; P=0.014).
In the multivariate analysis, the serum TC level was an
independent predictor of BCR [hazard ratio (HR) = 0.925 per
10 mg̸dl; 95% confidence interval (CI): 0.879‑0.973; P=0.003),

Figure 1. Biochemical recurrence‑free survival rate according to preoperative serum total cholesterol level.

as was the serum PSA level, ECE, positive surgical margin and
GS (Table III).
In subpopulation analyses by statin use or surgical margin
status, univariate analyses demonstrated that lower preoperative serum TC level was significantly associated with
BCR in the statin non‑user group (HR=0.941 per 10 mg̸dl;
95% CI: 0.983‑0.991; P= 0.021) and in the negative surgical
margin group (HR=0.883 per 10 mg̸dl; 95% CI: 0.799‑0.975;
P=0.014).
Discussion
In this study, we demonstrated that low preoperative TC levels
were significantly associated with an increased risk of BCR
following RP. Previous epidemiological studies demonstrated
that lower serum TC level was associated with lower risk of
high‑grade prostate cancer and advanced disease (4‑6). It was
also reported that hypercholesterolemia accelerates the growth
of prostatic tumors in vivo (13). Therefore, we hypothesized
that an elevated preoperative serum TC level may be associated with increased risk of BCR following RP. Contrary to
our expectations, there was no significant association between
preoperative serum TC level and GS and clinical stage in the
present study. A Cox proportional hazard model demonstrated
a dose‑dependent inverse association between preoperative
TC level and the risk of BCR.
To date, only a limited number of studies have described
the association between serum TC level and prostate cancer
prognosis. Eichholzer et al reported that low plasma TC level
(<199 mg̸dl) was significantly associated with an increased risk
of prostate cancer mortality in individuals aged >60 years (14).
Batty et al reported that elevated blood TC level was associated with death from prostate cancer (15). These results are
inconsistent. Although it has been reported that a high TC level
accelerates proliferation of prostate cancer cells, the serum TC
level decreases by effect of cancer metabolism as the disease
progresses (16). Thus, it may be important to consider the time
interval between serum TC measurement and prostate cancer
diagnosis, and the extent of the disease when investigating
the association between serum TC level and prostate cancer
prognosis. Solomon et al suggested that a relatively low TC
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Table III. Results of univariate and multivariate analyses.
Univariate
Multivariate
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables
HR
P-value
HR
95% CI
P-value
Age at diagnosis, years
Continuous
PSA, ng/ml
Continuous
Statin use
No vs. yes
Clinical T stage
1
2
3
Gleason score
≤7 vs. ≥8
Extracapsular extension
(‑) vs. (+)
Seminal vesicle invasion
(‑) vs. (+)
Surgical margin
(‑) vs. (+)
Lymphovascular invasion
(‑) vs. (+)
Perineural invasion
(‑) vs. (+)
Lymph node metastases
(‑) vs. (+)
Body mass index, kg/m2
Continuous
Body mass index, kg/m2
<25
25‑30
≥30
Serum total cholesterol (10 mg/dl)
Continuous

1.022
1.034

0.087			
<0.001

1.018

1.007‑1.029

0.896
0.002

1.211

0.442			

0.120

1
1.593
10.681

0.006			
<0.001			

0.522
0.021

2.816

<0.001

1.596

1.107‑2.302

0.012

3.910

<0.001

1.687

1.136‑2.503

0.009

4.160

<0.001			

4.191

<0.001

2.279

<0.001			

0.184

1.913

<0.001			

0.799

4.144

0.002			

0.184

1.064

0.018			

0.240

2.564

1.701‑3.864

0.192
<0.001

1		‑	‑	‑
1.202
0.266
2.716
0.007
0.995

0.030

0.925

0.879‑0.97

0.003

HR, hazard ratio; CI, confidence interval; PSA, prostate-specific antigen.

level within 1 year of a prostate cancer diagnosis raises the risk
of prostate cancer‑related death; a relatively low TC level may
indicate more advanced disease. On the other hand, a relatively low TC level >6 years prior to prostate cancer diagnosis
reduces the risk of prostate cancer‑related death; this may be
associated with lower risk of high‑grade cancer or aggressive
disease (16). Although serum TC level in the present study
was measured within 3 months after prostate cancer diagnosis, serum TC level in previous epidemiological studies by
Platz et al and Mondull et al, which demonstrated that a lower
serum TC level was associated with lower risk of high‑grade
prostate cancer and advanced disease, was measured at least
2 years prior to prostate cancer diagnosis (4‑6). Thus, there

may have been a significant difference in the clinical implications of the serum TC level in these studies.
The association between a relatively low serum TC level
and BCR remains to be elucidated. The present study included
only clinically localized disease. Thus, it was unlikely that
serum TC levels were affected by prostate cancer cells. One
potential explanation for the observed association between
serum TC level and BCR is an association between serum
TC and immune system function. It has been reported that
men with hypocholesterolemia had significantly fewer
circulating lymphocytes, fewer total T cells, and fewer CD8+
cells compared with th ose with hypercholesterolemia (17).
Thus, patients with relatively high TC levels may have a
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better antitumor immune status compared with patients with
relatively low TC levels.
Although this study highlights the important clinical
implications of preoperative serum TC level in prostate cancer
patients who underwent RP, it has some limitations. First, this
is a retrospective analysis of data collected from a single institution; thus, the number of cases was relatively small. Second,
there may be differences in patient characteristics between
studies on BCR and prostate cancer in Western countries and
those in Asian countries. In Western studies, over half the study
population is overweight or obese (BMI ≥25 kg̸m2) (18‑20),
whereas <50% of the study populations in Asian studies have
a BMI of ≥25 kg̸m2 (21,22). However, serum TC levels appear
to be similar in Asian and Western studies (4,5,14,23). Third,
we only analyzed the association of the TC level with BCR,
since our routine preoperative laboratory examination did
not include assessment of LDL and HDL cholesterol levels.
We may need to investigate the association between LDL and
HDL cholesterol levels and BCR in the future. Despite these
limitations, however, this is the first study to demonstrate an
inverse association between preoperative serum TC level and
BCR following RP. Our findings suggest that the preoperative
serum TC level may provide important clinical information
that may prove be useful in patient counseling. However,
further large cohort studies, including different countries and
regions, are warranted to validate the clinical value of preoperative serum TC level in prostate cancer patients.
In conclusion, low preoperative serum TC levels were
significantly associated with an increased risk of BCR among
prostate cancer patients who underwent RP. However, our findings require validation by future studies.
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