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Abstract

Background: Lipid profiles are believed to play an important role in the tumorigenesis and progression of prostate
cancer (PCa), but research combining those data is lacking. Therefore, this meta-analysis aims to assess the prognostic
role of lipid profiles after RP.

Method: We systematically searched PubMed, Embase, and Cochrane Library Central Register of Controlled Trials for
articles evaluating association between lipid profiles and prognosis after RP. Odds ratio (OR) and hazard ratio (HR) of
lipid profiles for advanced pathological tumor features and biochemical recurrence (BCR) were extracted and pooled
OR and HR were calculated. Newcastle-Ottawa scale was used for study quality assessment and funnel plot was used
for evaluating publication bias.

Results: Twelve articles involving 11,108 patients were eventually selected. We found low HDL was associated with
more frequent occurrence of pathological T stage (pT)≥ T3 (pooled OR = 1.29, 95% CI 1.07–1.56) and Gleason score
(GS) ≥8 (pooled OR = 1.32, 95% CI 1.02–1.72) after RP. Hypertriglyceridemia was also linked with higher risk of pT≥ T3
(pooled OR = 1.20, 95% CI 1.01–1.42) and positive surgical margin (PSM) (pooled OR = 1.36, 95% CI 1.11–1.65). However,
no significant association was observed between BCR and abnormal lipid profile levels.

Conclusion: Low HDL level was associated with more common occurrence of pT≥ T3 and GS ≥8, and elevated
triglycerides level was linked higher risk of pT≥ T3 and PSM, but none of the lipid subfractions was correlated with
biochemical recurrence after RP.

Keywords: Lipid profiles, Prognostic value, Radical prostatectomy, Advanced pathologic tumor features, Biochemical
recurrence.

Introduction
Prostate cancer is (PCa) one of the most commonly
diagnosed cancer in men worldwide [1]. For localized
PCa, radical prostatectomy (RP) has been strongly
recommended as a standard treatment option [2, 3].
However, biochemical recurrence (BCR) and aggressive
clinicopathological features are not rare after RP [4].
Cholesterol has been confirmed as promising biomarkers

of cardiovascular disease [5]. Multiple studies have also
investigated the role of serum lipid profiles, including total

cholesterol (TC), low-density lipoprotein (LDL), high-density
lipoprotein (HDL) and triglycerides (TG), in the incidence of
PCa and generated conflicting results [6–9]. A meta-analysis
integrated those outcomes and suggested that serum lipid
profiles are not associated with PCa risk [10]. Similarly, the
prognostic value of lipid profiles regarding BCR and postop-
erative aggressive clinicopathological features after RP re-
mains controversial [11–14], but yet no research has
combined those data and clearly clarified the prognostic role
of lipid profiles after RP.
Therefore, based on those disputed studies, the pur-

pose of the current meta-analysis is to comprehensively
evaluate the association between serum lipid profiles
with BCR and aggressive clinicopathological features
after RP.
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Method
Search strategy and study selection
PRISMA guidelines were followed to perform this system-
atic review and meta-analysis [15, 16]. We systematically
searched PubMed, Embase, and Cochrane Library Central
Register of Controlled Trials to date using terms including
“radical prostatectomy”, “lipid”, “cholesterol”, “high dens-
ity lipoprotein”, “low density lipoprotein”. “metabolic
syndrome”, which may comprise LDL and TG, was also
one of our searching terms. The references cited by the
finally selected articles were also reviewed.
Studies assessing the association between outcomes

post RP and lipid profiles were potentially eligible for
inclusion. The detailed inclusion criteria were as fol-
lowing: 1. Patients must be treated with only RP, no
radiation therapy or chemotherapy was administrated
alongside; 2. Study must evaluate the association be-
tween lipid profiles and outcomes after RP; 3. Out-
comes must include at least one of positive surgical
margin (PSM), lymph node involvement (LNI), Glea-
son score (GS) on surgical specimen ≥8, pT on surgi-
cal specimen ≥T3 and BCR; 4. Lipid profiles must
include at least one of TC, LDL, HDL and TG; 5.
Data must be presented in the fashion of odds ratio
(OR) or hazard ratio (HR); 6. Literature must be pub-
lished in English. The excluding criteria were: 1. Pa-
tients were treated RP and radiation therapy or
chemotherapy at the same, or patients were treated
with either RP or other treatments, but the data was
not distinguishable; 2. Publication not evaluating the
association between lipid profiles and outcomes post
RP; 3. Other lipid profiles rather than TC, LDL, HDL
or TG were used for analysis; 4. Other postoperative
outcomes rather than PSM, LNI, GS on surgical spe-
cimen ≥8, pT on surgical specimen ≥T3 or BCR were
assessed; 5. Data was not presented in the fashion of
OR and HR; 5. Literature published in non-English
language.

Data analysis
Two investigators independently extracted data from the
included articles and all the members of our team re-
solved the discrepancies by consensus. All the analyses
were performed using Review Manager (version 5.3) or
STATA (version 12.0).
The primary outcome was the association between

each lipid subfraction and each postoperative aggres-
sive pathological outcome. Pooled OR value for ab-
normal versus normal lipid levels was estimated.
Cut-off values for abnormal serum levels were com-
monly defined as ≥200 mg/dl for TC, ≥130 mg/dl for
LDL, ≤40 mg/dl for HDL and ≥ 150 mg/dl for TG ac-
cording to guidelines [17]. The second outcome was
the association between each lipid subfraction and

BCR, which was defined as a single prostate-specific
antigen (PSA) > 0.2 ng/ml, two consecutive concentra-
tions at 0.2 ng/ml, or secondary treatment for detect-
able postoperative PSA [11]. Pooled HR value of lipid
profiles for BCR was calculated. When a trial pre-
sented both univariate and multivariate OR/HR, the
latter was extracted for analysis.
Outcomes were taken as significant when the

P value for Z test was < 0.05 or no intersection be-
tween the middle line of the forest plot and the dia-
mond indicating the pooled effect estimate (OR/HR)
happened. Heterogeneity among trials was tested
using both I2 test or Q test. An I2 > 50% or Q test
reporting P values < 0.1 were considered to denote
heterogeneity. Sensitivity analyses were performed
through the exclusion of one or more studies
suspected of causing heterogeneity. Quality assess-
ment of included studies was performed by two inde-
pendent reviewers using Newcastle–Ottawa Scale
(NOS) [18] and publication bias were assessed using
funnel plot. When the two reviewers encountered dis-
crepancies in the outcomes, they resolved those
through discussion.

Result
Description of included studies
As showed in PRISMA flowchart (Additional file 1:
Figure S1, 236 publications were identified and 55 of
them were full-text reviewed for eligibility. Eventually,
12 articles involving 11,108 patients met the inclusion
criteria and were included in the present study [11–14,
19–26] (Table 1). Seven of those studies purely empha-
sized lipid profiles while five other studies focused on
MetS and prognosis after RP. All of those studies were
published between 2014 and 2018. The cohort size var-
ied from 199 to 3662 with a median follow-up ranged
from 14.8 months to 134.4 months. All participants in
those studies underwent RP (open, laparoscopic or
robot-assisted). Statin use percentage varied from none
to 50.7% in eight studies. Cofactors were inconsistently
adjusted in multivariate analysis in those original trials.
But Age, body mass index (BMI), preoperative PSA,
Gleason score and statin were generally adjusted in most
selected trials.

Postoperative pathological outcomes
Comparisons of the occurrence of postoperative patho-
logical outcomes between patients with and without abnor-
mal baseline lipid levels were performed in the fashion of
pooled OR value. All comparisons were grouped by TC,
LDL, HDL and TG. In Fig. 1, patients with abnormal
HDL (OR = 1.29, 95% CI 1.07–1.56, P = 0.008) or TG (OR
= 1.20, 95% CI 1.01–1.42, P = 0.04) had a significant higher
rate of pT ≥3. However, there was no significant difference
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of pT ≥3 associated with abnormal TC (P = 0.74) or LDL
(P = 0.91). Postoperative pathological GS ≥8 was observed
to be associated with abnormal HDL (OR = 1.32, 95% CI
1.02–1.72, P = 0.04) and TG (OR = 1.20, 95% CI 1.01–
1.42, P = 0.04) (Fig. 2). Figure 3 and Fig. 4 showed that
patients with abnormal lipid profile levels had generally
similar risk of LNI and PSM. The only exception was that
abnormal TG level was linked [12] with higher risk of
PSM (OR = 1.36, 95% CI 1.11–1.65, P = 0.003).

Biochemical recurrence
Figure 5 displayed the adjusted pooled HR values of
abnormal versus normal lipid profile levels for BCR.
Several studies indicated lipid subfractions could
lower the risk of BCR (adjusted HR = 0.22, 95% CI
0.05–0.94 of TC (Kang [12]), adjusted HR = 0.41,
95% CI 0.21–0.79 of HDL (Wettstein [13]), and ad-
justed HR = 0.62, 95% CI 0.45–0.86 of TG (Bhindi

[22])). However, the pooled HR showed that, com-
pared to normal levels, abnormal lipid profile levels
led to a generally similar risk of BCR (TC: P = 0.66;
LDL: P = 0.62; HDL: P = 0.50; TG: P = 0.69).

Quality assessment and publication bias
The NOS for non-randomized studies was employed
to evaluate the quality of the data and the risk of
bias. The selection, compatibility, and outcome of
those studies were assessed. Each study meeting one
of the numbered items was awarded one star, with a
possible maximum of nine stars awarded to a single
study. Studies awarded at least seven stars were
defined as high quality. Additional file 1: Table S1
summarized the outcomes of quality assessment.
Accordingly, all of the included studies were of a
relatively high quality. Funnel plots were also

Fig. 1 Pooled odd ratios of abnormal lipid profiles levels for pT ≥ T3 after radical prostatectomy
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presented in supplementary materials and no evident
publication bias were observed (Figure S2-S6).

Discussion
The current meta-analysis demonstrated low HDL was
associated with more frequent occurrence of patho-
logical T stage (pT) ≥ T3 (OR = 1.29, 95% CI 1.07–1.56,
P = 0.008) and Gleason score (GS) ≥8 (OR = 1.32, 95%
CI 1.02–1.72, P = 0.04) after RP. Hypertriglyceridemia
was also linked with higher risk of pT ≥ T3 (OR = 1.20,
95% CI 1.01–1.42, P = 0.04) and positive surgical mar-
gin (PSM) (OR = 1.36, 95% CI 1.11–1.65, P = 0.04).
However, no significant association was observed be-
tween BCR and abnormal lipid profile levels. Despite
that researchers have conducted multiples studies, the
role of lipid profiles in PCa still remains unclear. A re-
cent meta-analysis suggested that serum TC, HDL,
LDL and TG may not be associated with risk of overall

PCa or high-grade PCa [10]. But opposite argument
that metabolic syndrome (MetS), of which hypertriglyc-
eridemia and low HDL levels may also be components
[27], was associated with risk of overall PCa, in particu-
larly high-grade PCa was proposed by Gacci [28].
Moreover, they also claimed MetS was linked with ad-
vanced tumor features and BCR. While several original
researches presented controversial outcomes, data re-
garding prognostic value of lipid profiles after RP re-
mains limited. To our knowledge, the current
comprehensive systematic review and meta-analysis is
the first to evaluate data about the prognostic value of
lipid profiles after RP.
A range of studies investigated the potential mechanisms

behind lipid profiles and PCa. As an immunocompetent
organ, the prostate gland contains lymphocytes, macro-
phage and granulocytes and is able to secret various cyto-
kine, chemokine and growth factors. Hypotheses including
inflammation, membrane organization and effects on cell

Fig. 2 Pooled odd ratios of abnormal lipid profiles levels for GS ≥8 after radical prostatectomy
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proliferation have been introduced [29–33]. Zhuang [29]
and Solomon [30] used a xenograft model and observed
hypercholesterolemia could accelerate the prostatic tumor
growth. Furthermore, Llaverias also argued that hyperchol-
esterolemia could lead to increased prostatic tumor
volume and progression and metastases [31]. Some experi-
ments also proved the involvement of cholesterol in elem-
ent controlling signaling events of PCa cells [29, 32, 33]. In
summary, it is feasible to assume that faster growing PCa
cells have higher consumption of cholesterol. Thus, our
outcomes that abnormally high levels of cholesterol or TG
promote more advanced pathologic tumors features after
RP looks reasonable. A cohort study supporting this hy-
pothesis by Schnoeller [34] defined patients with pT3–4
and/or pN+ and/or GS ≥8 after RP as high-risk and
showed hypercholesterolemia was a risk factor of high-risk
PCa (OR = 2.01, P < 0.001). Using similar settings, Zhao
[35] reported low level of HDL was attributable to
high-risk PCa. Not only that, abnormal LDL levels could
also lead to higher risk of BCR, claimed by Macleod [36].
Even though, there is still a lack of definitive conclusion be-
tween lipid profiles and PCa pathogenesis. Therefore,
high-quality translational research and randomized control
trials are further needed.

Known as an important cholesterol-controlling
medicine, statin was believed to have contrast effect
to cholesterol on PCa and commonly used. A flaw of
our study was that data of statin use at baseline was
not complete and we could not factor statin use into
meta-analysis. However, evidence indicated that sta-
tin use had no significant association with BCR after
RP [21, 26]. Recent studies by Murtola, Wettstein
and Zhang also confirmed statin use was not an in-
dependent risk factor of advanced pathologic features
or BCR after RP [6, 13, 14]. Moreover, three
meta-analyses supported these conclusion by demon-
strating that statin use was not associated with ei-
ther PCa risk [37] or BCR [38, 39]. What is more, a
Lancet study even revealed there was no association
between reduction of LDL by statin therapy with
overall cancer incidence [40]. Therefore, it’s feasible
to assume that the deficit of the data of statin use
would not substantially affect our analysis.
For the first time, our study included 12 articles

related to the prognostic value of lipid profiles after
RP and perform quantitative analysis. Notably, to
make our outcomes more reliable, we did not only
include studies purely assessing lipid profiles, but also

Fig. 3 Pooled odd ratios of abnormal lipid profiles levels for LNI after radical prostatectomy
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selected available MetS researches. However, our
study should not interpret without limitation. First,
baseline cofactors (age, BMI, race, PSA level, biopsy
Gleason score and etc.) were major concerns that
might influence our outcomes. Although instead of
performing a crude analysis using the number of
events of advanced pathological outcomes and BCR,
we primarily extracted the adjusted OR and HR, but
the cofactors adjusted in those studies were ununi-
formed, leading to a negative effect on the accuracy.
Furthermore, this could also be the major reason causing
the substantial heterogeneity in part of our analyses. Sec-
ond, given that no related randomized controlled trials
have been conducted, we systematically searched the
mainstream database but could only include prospective
and retrospective studies. It’s noted although these se-
lected studies were not highest-level evidence, but all vari-
ables and outcomes were recorded pre- or after surgery
rather than recalled by patients. Thus, recall bias could be
avoided. Third, data of some important outcomes includ-
ing overall mortality and cancer-specific mortality were
not reported in those studies and we were also unable to
perform further analysis.

On the basis of existed original studies, the aim of
our study is to maximally discriminate the prognostic
value of lipid profiles after RP. Our data should be
carefully assessed in decision-making of treatment
and follow-up. However, it is obvious that more
high-quality researches, in particular randomized con-
trolled trials and basic research, are warranted to ver-
ify our findings. Future studies should evaluate the
prognostic value of lipid profile of not only pathologic
outcomes but also oncologic outcomes. Also, consid-
ering that GS 3 + 4 and GS4 4 + 3 have been catego-
rized differently, it would be meaningful for future
studies to put more effort into this issue.

Conclusion
In this meta-analysis, we found that low HDL level
(≤40 mg/dl) was associated with pT ≥ T3 and GS ≥8
after RP, and we also found that elevated serum TG
level (≥150 mg/dl) was linked with pT ≥ T3 and PSM.
There was no significant correlation between other
abnormal lipid subfractions levels with advanced
pathologic features or BCR after RP.

Fig. 4 Pooled odd ratios of abnormal lipid profiles levels for PSM after radical prostatectomy
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Take home message

1. Our meta-analysis is the first to evaluate the
association between lipid profiles and prognosis
after radical prostatectomy

2. Elevated TC level was associated with LNI and
pT ≥ T3.

3. Elevated triglycerides level was linked with pT ≥ T3.
4. Lipid profiles were not correlated with biochemical

recurrence.
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