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Prostatic Disorders - Original Research

Neither race nor geographical region greatly impacts the 
rate of latent prostate cancer (Haas et al., 2008). These 
factors do greatly impact the rate of clinical prostate can-
cer, which is low in Asia. Diet is one factor thought to 
explain why latent cancer does not progress to clinical 
cancer in Asia. The incidence rate and deaths associated 
with prostate cancer are on the rise, with an aging society 
and Westernization of diet regarded as likely factors in 
Japan (Horie, 2012). Studies have reported an increase in 
prostate cancer incidence in Asian men after emigration 
to the United States (Namiki et al., 2010). Not all prostate 
cancer patients require proactive treatment; actually, 
many die from other causes. Accurate risk assessment is 
thus important, along with prevention of prostate cancer 
deemed likely to progress and malignant prostate cancer 
considered likely to result in clinical death.

Lifestyle and prostate cancer are considered to be 
closely related, with obesity reported to be a strong risk 
factor in prostate cancer development (Chan et al., 2014). 
Metabolic syndrome, which results from obesity, is 
reported to be a risk factor in the development of prostate 

cancer as well as type 2 diabetes and cardiovascular dis-
ease, and an increase in total cholesterol level is known to 
be related to histopathological malignancy in the prostate 
as well as to invasive cancer (Schnoeller et al., 2017). A 
study using a genetic model of prostate cancer has 
reported that a high-fat diet promotes metastatic prostate 
cancer (Chen et al., 2018). Furthermore, highly malignant 
prostate cancer cells have been reported to absorb, or 
even produce, cholesterol independently (Stopsack et al., 
2017). Higher cellular cholesterol levels were evident in 
bone metastasis sites compared to primary lesions in 
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Abstract
Metabolic syndrome is reported to play a role in the genesis and development not only of angina, arteriosclerosis, 
diabetes, and osteoporosis but also of prostate cancer. Hypercholesterolemia is a strong risk factor in prostate 
cancer development. The current study was conducted to analyze whether pretreatment serum levels of cholesterol 
correlate with prostate cancer metastasis. Three hundred fifty-one subjects who received a histopathological diagnosis 
of prostate cancer were evaluated by clinical factors such as age, body mass index (BMI), disease stage, Gleason score, 
prostate-specific antigen (PSA), total cholesterol, Luteinizing hormone (LH), testosterone, and free testosterone. A 
multivariate analysis was performed on these factors, and a statistically significant difference was identified in total 
cholesterol level (p =.01) and PSA (p < .001). The total cholesterol level was higher in cases of metastatic prostate 
cancer compared to nonmetastatic prostate cancer in this study and therefore may be a predictive factor for poor 
prognosis.
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prostate cancer (Thysell et al., 2010). In particular, an 
increase of de novo testosterone synthesis was indicated 
by an upregulation of enzymes synthesizing testosterone 
from identified cholesterol in castration-resistant pros-
tate cancers which were tolerant of hormone therapy 
(Armandari et al., 2014). These results, combined with 
evidence that use of cholesterol-lowering statins is asso-
ciated with reduced risk of high-grade prostate cancer, 
suggest that serum lipid levels should be explored as 
modifiable risk factors for aggressive prostate cancer. 
This retrospective study is aimed at evaluating the corre-
lation between pretreatment serum cholesterol levels and 
prostate cancer metastasis in the Japanese population.

Methods

This study examined 351 subjects who underwent needle 
biopsy of the prostate gland and subsequently received a 
histopathological diagnosis of prostate cancer between 
January 2008 and December 2013. All participants were 
Japanese. Individuals taking statin medications for hyper-
lipidemia were excluded from the study due to an influ-
ence on total cholesterol level. Information concerning 
age, body mass index (BMI), disease stage, metastasis, 
Gleason score, prostate-specific antigen (PSA), total cho-
lesterol, luteinizing hormone (LH), testosterone, and free 
testosterone was collected from medical histories and 
laboratory data. Study participants ranged in age from 39 
to 92 years; the median age of all enrolled patients was 70 
years. The median ages of participants in the metastatic 
and non-metastatic groups were 73 and 70 years, respec-
tively. The average BMI of all enrolled patients was 23.38. 
The average BMI values for individuals in the metastatic 
and non-metastatic groups were 23.4 and 23.38, respec-
tively. There was no statistical difference between the two 
groups. A Lumipulse kit (Fujirebio, Tokyo, Japan) was 
utilized for PSA levels, which were measured using a 
chemiluminescence enzyme immunoassay. Testosterone 
levels were measured with an Architect testosterone kit 

(Abbott Japan, Tokyo, Japan). An ECLusys kit (Roche 
Diagnostics, Basel, Switzerland) was used for LH lev-
els, which were measured by electrochemiluminescence 
immunoassay. Patients were separated into two study 
groups: one group with metastasis (including bone and 
lymph node) and the other group without. One-way 
ANOVA (SPSS21, IBM, Armonk, NY) multivariate 
analysis was performed to determine any differences in 
variables linked to prostate cancer in the groups with or 
without metastasis. The following variables were ana-
lyzed: age, BMI, PSA, total cholesterol, luteinizing 
hormone, free testosterone and total testosterone levels. 
A p-value of less than .05 was considered to be statisti-
cally significant.

Results

Clinical and laboratory data were compared and analyzed 
in patients with and without metastasis of prostate cancer 
(Table 1). The PSA levels for the two groups at the time 
of diagnosis were 281.4 ng/ml and 18.6 ng/ml, respec-
tively. In terms of the Gleason score, which provides 
a histopathological context, 13/50 cases (26%) had a 
Gleason score of eight or above in the metastatic group 
and 95/301 cases (31.6%) in the nonmetastatic group. 
The difference between the mean values of the two groups 
of patients with or without metastasis was compared by 
the independent samples t-test. A simple logistic regres-
sion analysis evaluating the risk of metastasis identified 
a statistically significant difference in bone and lymph 
node metastasis for total cholesterol value (p = .009), 
PSA (p < .001), and LH (p = .006), but not for age 
(p = .083), BMI (p = .975), free testosterone (p = .305), 
or total testosterone (p = .201). When a multivariate 
analysis was performed on these factors, a statistically 
significant difference was identified in total cholesterol 
level (p = .01) and PSA (p < .001) (Table 2). The linear 
association between total cholesterol and PSA levels is 
shown in Figure 1. There was a statistically significant 

Table 1. Comparison Between the Group With and Without Metastasis.

Variable Total patients Patients with metastasis Patients without metastasis

No. 351 50 301
Age (yr) 69.8 71.8 69.5
Age (median, range) 70 (39–92) 73 (54–89) 70 (39–92)
Body mass index 23.38 23.40 23.38
Total cholesterol 191.18 204.86** 189.16
Prostate specific antigen 68.61 281.35** 18.60
Luteinizing hormone 9.75 12.69** 9.20
Free testosterone 6.47 6.84 6.41
Total testosterone 496.06 525.42 491.19

**p <.01.
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but weak positive correlation between serum PSA level 
and total cholesterol (r = 0.119, p = .037).

Discussion

Many studies reported that a diet rich in fats as well as an 
excess of cholesterol is an accepted risk factor for malig-
nant prostate cancer (Masko et al., 2013). Analysis of 
4974 participants in a REDUCE (Reduction by Dutasteride 
of Prostate Cancer Events) study identified that high total 
serum cholesterol was associated with an increased risk of 
high-grade prostate cancer (Jamnagerwalla et al., 2018). 
Those reports, together with those in the current study, 
suggest that high serum cholesterol associates with pros-
tate cancer metastasis in a setting where biopsies ensure 
complete cancer ascertainment. These data also support 
a role for cholesterol, a modifiable risk factor, in aggres-
sive prostate cancer. In fact, cholesterol is the precursor 
to androgens, essential for prostate cancer development 
and growth (Pelton et al., 2012). Furthermore, androgens 
modulate the expression of multiple lipid transporters in 
prostate cancer cells, and the expression of lipid trans-
porters is enhanced in bone metastasis when compared to 

localized prostate cancer diseases (Tousignant et al., 
2019). Prostate cancer cells that have malignant potential 
may already have the ability to incorporate cholesterol 
and produce androgen.

Interestingly, among white men without prostate can-
cer, total cholesterol was positively correlated with PSA 
levels (Zapata et al., 2015). In contrast, among black men 
with abnormal lipid levels, total cholesterol was not sig-
nificantly related to PSA levels. In this study, there was a 
weak association between total cholesterol and PSA lev-
els in Japanese patients with prostate cancer. Although 
patient background significantly differs among these 
studies, PSA levels may be affected by nutritional status, 
race, other lipids status and clinical stages of cancer.

A prostate lifestyle trial in which patients adopted a 
low-fat, plant-based diet, exercised, and practiced stress 
management, reported the possibility of allowing patients 
choosing active surveillance to delay conventional treat-
ment for prostate cancer (Frattaroli et al., 2008). These 
observational and clinical studies identified that dietary 
changes and pharmacologic intervention may impact 
prostate cancer development and progression.

Furthermore, data increasingly indicate that statin use 
might selectively lower the risk of advanced prostate can-
cer (Alfaqih et al., 2017). Together with findings that the 
antineoplastic effect of statins might arise from a number 
of cholesterol-mediated mechanisms that affect pathways 
essential for cancer progression, this study supports an 
association between serum cholesterol and an increased 
risk of metastatic prostate cancer.

There are limitations to the design of this study, a ret-
rospective, should be considered. As the design did not 
limit cholesterol levels, the possibility of artificial effects 
due to the other confounding factors cannot be excluded. 
A further limitation of this study is its relatively small 
sample size. This is regarded as a study that will hope-
fully lead to further investigations including larger num-
bers of participants and prognostic analysis.

Conclusions

Higher total cholesterol levels in cases of metastatic 
prostate cancer were identified compared to nonmeta-
static prostate cancer and may be a predictive factor for 
poor prognosis. Further research on exercise, functional 
foods and nutrients involved in reducing total cholesterol 
level in prostate cancer prevention will yield a potential 
approach to measuring chemopreventive effects.
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Table 2. Logistic Regression Analysis Evaluating Risk of 
Metastasis (Multiple Regression).

Variable OR (95% CI) p

T-cho 1.017 (1.004–1.030) .01
PSA 1.026 (1.016–1.036) <.001
LH 1.044 (0.994–1.097) .085

Figure 1. Correlation Between Serum Total Cholesterol and 
PSA in Men With Prostate Cancer
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