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BACKGROUND: The effects of blood cholesterol levels on prostate cancer prognosis are unclear. We
explored the associations between blood cholesterol levels and prostate cancer clinical characteristics
including Gleason score and TNM-stage, as well as risk of prostate cancer recurrence and death after
radical prostatectomy. The association between statin-induced cholesterol decline and prostate cancer
prognosis was also studied.

METHODS: The study cohort consisted of 1,314 prostate cancer patients who underwent radical
prostatectomy as primary management at the Tampere University Hospital between 1995 and 2009. The
follow-up continued until the end of 2016.

RESULTS: No associations between cholesterol and prostate cancer severity were found. HDL over 1
mmol/l and LDL over 3 mmol/l were associated with reduced risk of all-cause death in time-dependent
analysis. However, the risk association was short-term as neither HDL or LDL measured three years earlier
had an effect on prostate cancer prognosis. Modest statin-induced cholesterol decline lowered the risk of
prostate cancer recurrence. HRs by modest total cholesterol and LDL declines were 0.24 (0.09-0.60) and
0.31 (0.11-0.88) respectively.

CONCLUSIONS: Our findings do not support cholesterol as a risk factor for prostate cancer severity or
prognosis after prostatectomy. Cholesterol decline by statin treatment was associated with improved

recurrence-free survival compared to statin users whose cholesterol did not decline, which supports
importance of controlling for compliance to statin use when estimating effects of statins in prostate cancer.
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BACKGROUND

Effects of blood cholesterol level on the risk of prostate cancer (PCa) are unclear. A recent meta-
analysis did not find any association between prostate cancer risk and total cholesterol (TC), high-
density lipoprotein cholesterol (HDL), or low-density lipoprotein cholesterol (LDL) level in the
blood [1]. Elevated levels of serum triglycerides have been linked with increased risk of disease
recurrence after radical prostatectomy [2], whereas total cholesterol, LDL or HDL were not shown
to have any effect.

Use of cholesterol-lowering statin drugs has been demonstrated to correlate with longer recurrence-
free survival in prostate cancer patients treated with androgen deprivation therapy[3], although not
all studies agree [4]. Statins have also been linked with lowered risk of prostate cancer death,
although the effect may be modified by primary treatment selection; the protective effect may only
be observed in men treated with radiation therapy or androgen-deprivation therapy[5,6].
Nevertheless, some subgroups of prostate cancer patients treated with prostatectomy might benefit
from statins [7].

This study evaluated the effects of blood cholesterol level and changes in cholesterol-level after
initiation of statin therapy on risk of prostate cancer recurrence and death in a cohort of 1,314 men
with prostate cancer who had a radical prostatectomy at the Tampere university hospital between
1995 and 2009.

METHODS

Study cohort

The study cohort consists of 1,314 consecutive prostate cancer patients who had a radical
prostatectomy as primary management of prostate cancer at the Tampere University Hospital
(TAUH) between 1995 and 2009 and had given an informed written consent.

Data on clinical variables including Gleason grade from diagnostic prostate biopsy, PSA level at the
time of the operation, clinical TNM-stage, and pathological variables including Gleason grade,
pathological TNM-stage and surgical margins were gathered from the hospital database.

All participants were followed post-operatively at 3-6 month intervals for the first year after the
operation, and annually after that. Data from each post-operative control visit included PSA-
measurements and possible bone scan findings. Cancer recurrence was determined as two
consecutive measurable PSA-levels or radiographic disease progression.

All cancer patients treated at the Finnish health care units are recorded by the Finnish Cancer
Registry, which was used to obtain dates and causes of deaths for study participants until the end of
2016. The Finnish Cancer Registry is nationally comprehensive, estimated to cover 99% of cancer
cases diagnosed in Finland. [8] All deaths with ICD-10 code C61 recorded as the primary cause of
death were considered as prostate cancer-specific deaths.



Information on blood cholesterol

Data on all measurements of blood cholesterol performed between 1995 and 2013 were gathered
from the Fimlab database that covers all laboratory measurements performed at the TAUH
catchment area, Pirkanmaa region. [9] Separate data were collected on total cholesterol, low-density
lipoprotein (LDL), high-density lipoprotein (HDL) and triglyceride (TG) levels. All patients were
instructed to fast for 12 hours prior to the measurement. Data on each measurement included date
and the result.

Information on medication use

We linked our study cohort to the Finnish Social Insurance Institution (SII) prescription database
for data on medication purchases between years 1995 and 2009. The SII provides reimbursements
for purchases of physician-prescribed medications to all Finnish citizens. [10] It does not cover
over-the-counter drug purchases or drugs given during hospital inpatient periods. All reimbursed
drug purchases are registered by the prescription database. We obtained information on all
purchases of statins, and additionally on purchases of antihypertensive medication and antidiabetic
medication to allow control of underlying hypertension and diabetes. All drugs used for these
indications are reimbursable and only available through prescription, thus their purchases are
recorded by the database. The database contains at least 95% of all prescription drug purchases in
Finland (oral communication).

Statistical analysis

Risk of prostate cancer recurrence, risk of death due to prostate cancer and overall risk of death
were evaluated using Cox proportional hazards regression. Follow-up was the time from the
prostatectomy to disease recurrence or death, depending on the endpoint being analyzed. For
participants who did not experience either end-point the follow-up ended at 31% of December 2016.

Two different Cox regression models were used to calculate hazard ratios (HRs) and 95%
confidence intervals (95% Cls) for the study end-points. Model 1 was adjusted only for age at the
time of the prostatectomy. Model 2 was adjusted for age, preoperative PSA-level, pathological T-
stage and Gleason score, use of antihypertensive and antidiabetic medication, NSAIDs and
allopurinol and surgical marginal positivity.

Total cholesterol, LDL, HDL and triglyceride levels measured before prostatectomy were analyzed
as time-independent variables. Levels measured after prostatectomy were analyzed as time-
dependent variable, with cholesterol level separately updated for each follow-up year based on
average of measurements made that year. For years with no measurements available the participant
was categorized into separate category of men without available data.

Validity of proportional hazard assumption was evaluated by testing statistical significance of
interaction term with follow-up time for each of the analyzed variables in Cox regression model.
For each variable the interaction term was not statistically significant, thus confirming the
assumption.



The association between blood cholesterol level on pathological tumor properties at the
prostatectomy specimen were calculated with a logistic regression model adjusted for age and use
of antidiabetic and antihypertensive drugs. Odds ratios (ORs) at 95% ClIs for having high-grade
(Gleason 7-10) or locally advanced (pT3/T4 or N1) tumor or PSA above 10 pg/l were calculated.

Average preoperative and postoperative cholesterol values were calculated for each patient. The
study cohort was stratified into two groups according to clinical target levels. The cut-points for
total cholesterol, LDL, HDL and triglycerides were 5.0 mmol/l, 3.0 mmol/l, 1.0 mmol/l and 1.7
mmol/l, respectively.

To test for possible effect modification by patient characteristics and tumor characteristics we
performed subgroup analysis stratified by these variables. Participants were stratified by tumor risk
group; classified as high-risk if Gleason grade was 7-10, pathological T-stage was T3-T4 or pre-
operative PSA was over 20 ug/l. Statistical significance for interaction was tested by including an
interaction term between the cholesterol parameter and stratified variable into Cox regression
model.

Statin users were separately divided into three groups based on the difference between their first
and last available cholesterol measurement: men whose cholesterol levels had not changed or had
risen, men whose cholesterol had lowered less than or equal to the median decline, and men whose
cholesterol level had lowered more than median (-1.30 mmol/I for total cholesterol, -0.42 mmol/I
for triglycerides and -1.00 mmol/l for LDL).

All analysis were performed with IBM SPSS Statistics 23 software.

RESULTS

Population characteristics

Of the 1,314 men, 1,067 (81.2%) had a cholesterol measurement at least once, some cholesterol
information, for example a single triglyceride result, was available for all patients. After the
surgery 338 (25.7%) patients died, 32 (2.4%) due prostate cancer, during the median follow up of
11.2 years. Prostate cancer recurred in 435 (33.1%) patients.

Men with elevated total cholesterol were younger at the time of the surgery (62 years vs. 64 years),
used less statins (35.4% vs. 50.4%), antihypertensive medication (55.7% vs. 71.8%) and
antidiabetic medication (5.5% vs. 19.8%). A pelvic lymph node dissection (PLND) was less
commonly performed patients with elevated average total cholesterol. Gleason score upgrade from
biopsy to pathologists’ evaluation of the prostatectomy specimen was more common in men with
normal total cholesterol (43.4% vs. 32.4%), compared to men with elevated total cholesterol. All
other aspects considered were similar between the two groups with p for difference > 0.05. (Table

1)

Men without any total cholesterol measurements during our study period were younger (median age
62 vs 63 years), used less often statins, antihypertensive and antidiabetic medication (24.7 % vs.
43.8 %, 51.0 % vs. 64.7 % and 8.1 % vs. 13.5 %, respectively) and more often had T3-4 or N1
disease (29.3 % vs. 26.4 %) compared to men with at least one total cholesterol measurement They
also had less PSA recurrences but higher mortality (Supplementary table 1)



Tumor characteristics by cholesterol level

No statistically significant differences on tumor clinical characteristics Gleason score, pathological
T-stage or preoperative PSA by cholesterol levels were observed. (Table 2)

Risk of disease recurrence and death

Normal postoperative HDL levels (fasting plasma level above 1 mmol/l) were associated with
reduced risk of all-cause death in both age-adjusted and multivariable adjusted analyses compared
to low HDL levels. HR 0.30 95% CI 0.15-0.52 and HR 0.32 95% CI 0.19-0.54, respectively.

Elevated postoperative LDL cholesterol (fasting plasma levels above 3 mmol/l) was associated with
reduced risk of all-cause death in age-adjusted analyses. HR 0.51 95% CI 0.28-0.93 but this effect
was not statistically significant in multivariable adjusted analysis. Elevated preoperative LDL
lowered the risk of prostate cancer recurrence HR 0.54 95 % CI: 0.33-0.90 in multivariable adjusted
analysis, but the risk reduction was not statistically significant in age-adjusted analysis.

Total cholesterol or triglycerides were not associated with risk of prostate cancer recurrence or
overall risk of death. (Table 3).

Long-term risk association between cholesterol on prostate cancer prognosis

The mortality decrease by higher postoperative HDL levels did not persist in lag-time analyses,
vanishing when analyzing cholesterol levels taken three years earlier. (Table 4)

High triglyceride levels (fasting plasma triglyceride over 1.7 mmol/l) correlated with a lowered risk
of death five years after the measurement HR: 0.52 95 % CI: 0.28-0.98, but no statistically
significant association between triglyceride level and risk of death three years after the
measurement was observed. (Table 4)

Effect of cholesterol decline during statin therapy

Decline in total cholesterol after initiating statin treatment was associated with reduced risk of
disease recurrence HR 0.24 95 % CI 0.09-0.60 and HR 0.40 95 % CI 0.18-0.87 for modest and
above median declines respectively.

Modest decline in LDL among statin users was linked with lowered risk of disease recurrence
compared to statin users who had no cholesterol decline; HR 0.31 95% CI 0.11-0.88. However, no
significant risk decline was observed for statin users whose LDL cholesterol reduced more than the
median decline.

No associations between reduction in cholesterol levels after initiating statin treatment and the risk
of death were observed. (Table 5)



Subgroup analyses

In patients without antidiabetic drug usage normal preoperative total cholesterol and normal
preoperative LDL were associated with reduced risk of disease recurrence compared to patients
with elevated preoperative total cholesterol and LDL. However, in patients with antidiabetic drug
usage elevated preoperative total cholesterol and LDL were associated with higher risk of disease
recurrence. P for interaction 0.003 and 0.004 respectively. (Figure 1)

Elevated postoperative total cholesterol was associated with increased risk of prostate cancer
progression with antihypertensive drug users, but with possibly lowered risk of progression with
patients who had not used antihypertensive drugs. P for interaction 0.027. (Figure 2)

Elevated preoperative triglycerides suggested lowered risk of disease progression in patients who
had not had pelvic lymph node dissection during their radical prostatectomy. However, in patients
who had a PLND elevated preoperative triglycerides suggested an increased risk of disease
progression. P for interaction 0.047

In patients with Gleason score 6 or less normal postoperative HDL was associated with lowered risk
of all-cause death, but with patients with high-grade tumors no similar risk decrease was observed.
P for interaction 0.016. Similar effect was observed by stratification of patients by tumor risk group,
when positive effects of HDL were observed on low-risk tumors. P for interaction 0.003. (Figure 1)

No other interactions with p-values less than 0.05 were observed. None of the interaction terms
were statistically significant after Bonferroni correction for multiple testing; the corrected
significance level being p = 0.0002.

Sensitivity analyses

In men with cholesterol data available both before and after prostatectomy cholesterol level
significantly declined after the operation; median change in average cholesterol level was -0.35
mmol/l, IQR: -0.90 mmol/l - +0.20 mmol/l, p<0.001 for difference compared to level before
prostatectomy

DISCUSSION

We found no correlation between cholesterol levels and prostate cancer stage or prognosis among
surgically treated men. Normal HDL cholesterol and elevated LDL cholesterol were associated with
lowered risk of all-cause mortality in time-dependent analysis but the effects were short-term.

In subgroup analyses we observed a risk increase for prostate cancer recurrence by elevated LDL
and total cholesterol among men who were using antidiabetic medication and by total cholesterol
among antihypertensive medication users. These observations are hypothesis-generating, it could be
postulated that comorbidities may modify the risk association between cholesterol parameters and
prostate cancer. However, these findings were not statistically significant after Bonferroni
correction for multiple testing. Therefore, further studies will be needed to confirm these findings.

Previous studies have found inconsistent correlations between TG level and prostate cancer severity
and prognosis after radical prostatectomy. [2,11,12]. In a cohort study by Gutt et al. performed in a



cohort of PCa patients primarily treated with curative radiation therapy elevated total cholesterol
and LDL were associated with higher risk of relapse [11].

Recent cohort study by Wettstein et al. on surgically operated prostate cancer patients found that
preoperatively high LDL cholesterol was associated with longer recurrence free survival. They
postulate that the association might be caused by elevated lipid metabolism by prostate cancer cells
and thus low LDL levels could be a consequence of rather than a reason for worse prognosis. [13]
Even though we observed no statistically significant associations between preoperative LDL and
PCa relapse, we found similar short-time association between time-dependent LDL and the risk of
death on the year of cholesterol measurement, thus slightly supporting their findings. Thus the
results from ours and the previous prostatectomy cohort are opposite to the findings in radiation
treated patients reported by Gutt et al., suggesting that primary treatment modifies the risk
associations between PCa prognosis and lipid variables. Concordantly, the association between
cholesterol-lowering statin drugs and prostate cancer prognosis has also been reported to be
modified by primary PCa treatment[1].

Many previous studied have reported no correlation between statin use and the risk of prostate
cancer recurrence [13-15]. These studies were not adjusted for compliance to the statin treatment
which might underestimate or remove the effects of statins. We found that cholesterol decline after
initiation of statin treatment lowered the risk of PCa recurrence. This reflects the compliance to
statin treatment; men who experience cholesterol decline during statin therapy are presumably
compliant to statin use. This suggests that statins could delay prostate cancer progression after
surgical treatment if compliance is being controlled for. Optimal setting to study the effects of
statins on prostate cancer prognosis would be a randomized clinical trial controlled for statin
compliance. However, the beneficial effects of statins might not be mediated by changes in
cholesterol level, as cholesterol level in general had little association with prostate cancer prognosis
and the risk reduction by statins was not clearly dependent on magnitude of change in cholesterol
level. Future research on the mechanisms by which cholesterol treatment improves prostate cancer
prognosis is warranted.

This study had some limitations. Low number of prostate cancer deaths did not allow estimations of
prostate cancer-specific mortality, prognosis had to be evaluated indirectly by PSA relapse and
overall mortality. Also, we did not have information on patient BMI or smoking statuses which are
both linked to worse prostate cancer prognosis and might be more common among patients with
high blood cholesterol, thus possibly causing confounding causing falsely high risk estimates. Lag
time analyses were limited by low number of men with cholesterol measurements available before
prostatectomy.

We found that men without total cholesterol measurements were younger, used less often statins,
antihypertensive and antidiabetic drugs and had more often T3-4 or N1 disease. They also had less
PSA recurrences but higher mortality. These findings probably reflect less active contact with
healthcare among men with no cholesterol measurements. Lower PSA recurrence could be
explained by lower adherence to follow-up program after prostatectomy. Probably also participation
to prostate cancer screening practices before the diagnosis was lower as PCa was more often locally
advanced. Although possible confounding by health care participation activity may not confound
comparisons by cholesterol level, it does suggest that our results may be generalizable mainly to
men with active participation on health care services.



Study strengths include excellent data on medication usage, allowing adjustment of the analysis for
antidiabetic and antihypertensive medication, NSAID and allopurinol usage. We had
comprehensive clinical and pathological data and relatively long follow-up. Our data on lipid
parameters spanned 15 years, allowing estimation of cholesterol levels at different time points. The
study cohort was regionally comprehensive, covering approximately 70% of all radical
prostatectomies at the Pirkanmaa Hospital District during the study period.

CONCLUSIONS

Serum cholesterol was not associated with prostate cancer severity or prognosis after radical
prostatectomy with the possible exception of patients with diabetes or hypertension. Cholesterol
decline after initiation of statin treatment was associated with reduced risk of prostate cancer
recurrence, which supports importance of compliance to statin treatment in future studies.

LIST OF ABBREVIATIONS

CI (confidence interval); HLD (High density lipoprotein); HR (hazard ratio); LDL (low density
lipoprotein); OR (odds ratio); PCa (prostate cancer); PLND (pelvic lymph node dissection); SII
(Finnish Social Insurance Institution); TAUH (Tampere University Hospital); TG (triglycerides)

DECLARATIONS

Ethics approval and consent to participate

The study protocol has been approved by the ethics board by Pirkanmaa Hospital District. R09159
Consent for publication

Not applicable

Availability of data and material

The datasets used and/or analyzed during the current study available from the corresponding author
on reasonable request.

Competing interests

TJ Murola has received lecture fees from Janssen-Cilag, Abbvie and MSD, and is a paid consultant
for Astellas and Janssen-Cilag

TLJ Tammela is a paid consultant for Astellas, GSK, Pfizer, Orion Pharma and Amgen.
Other authors declare no competing interest
Funding

Funded by competitive cancer research grant from the memorial fund of Seppo Nieminen, managed
by the Pirkanmaa Hospital District (Grant number: 150640)



The founding had no role in the design of the study or collection, analysis, or interpretation of data
or in writing the manuscript

Authors' contributions

LR and TJM analyzed and interpreted the data and wrote the manuscript. TLJT collected the data
and supervised the study. PK performed histological evaluations of the prostatectomy specimens.

All authors have read and approved the final manuscript.
Acknowledgements

Not applicable

REFERENCES
References

1. YuPeng L, YuXue Z, PengFei L, et al. Cholesterol Levels in Blood and the Risk of Prostate
Cancer: A Meta-analysis of 14 Prospective Studies. Cancer Epidemiol Biomarkers Prev 2015,
24(7):1086-1093.

2. Allott EH, Howard LE, Cooperberg MR, et al. Serum lipid profile and risk of prostate cancer
recurrence: Results from the SEARCH database. Cancer Epidemiol Biomarkers Prev 2014,
23(11):2349-2356.

3. Jung J, Lee C, Lee C, et al. Effects of statin use on the response duration to androgen deprivation
therapy in metastatic prostate cancer. Korean J Urol 2015, 56(9):630-636.

4. Mikkelsen MK, Thomsen FB, Berg KD, et al. Associations between statin use and progression in
men with prostate cancer treated with primary androgen deprivation therapy, Scandinavian Journal
of Urology 2017, 51:6, 464-469

5. Mucci LA, Stampfer MJ: Mounting evidence for prediagnostic use of statins in reducing risk of
lethal prostate cancer. J Clin Oncol 2014, 32(1):1-2.

6. Murtola TJ, Peltomaa Al, Talala K, et al. Statin Use and Prostate Cancer Survival in the Finnish
Randomized Study of Screening for Prostate Cancer. European Urology Focus.

7. Keskivali T, Kujala P, Visakorpi T, et al. Statin use and risk of disease recurrence and death after
radical prostatectomy. Prostate 2016, 76(5):469-478.

8. Teppo L, Pukkala E, Lehtonen M: Data quality and quality control of a population-based cancer
registry. Experience in Finland. Acta Oncol 1994, 33(4):365-369.

9. Fimlab homepage. [http://www.fimlab.fi/sivu.tmpl?sivu_1d=222] Accessed at 28th. Feb. 2017

10. Martikainen J, Rajaniemi S. Drug reimbursement systems in EU Member states, Iceland and
Norway. Available at:
[https://helda.helsinki.fi/bitstream/handle/10138/13932/Drug_reimbursement.pdf?sequence=1]
Accessed at 28th. Feb. 2017



11. Gutt R, Tonlaar N, Kunnavakkam R, et al. Statin use and risk of prostate cancer recurrence in
men treated with radiation therapy. J Clin Oncol 2010, 28(16):2653-2659.

12. Kang M, Jeong CW, Ku JH, et al. Hypertriglyceridemia is a potential preoperative predictor for
biochemical recurrence after radical prostatectomy. PLoS One 2015, 10(3):e0122438.

13. Wettstein MS, Saba K, Umbehr MH, et al. Prognostic Role of Preoperative Serum Lipid Levels
in Patients Undergoing Radical Prostatectomy for Clinically Localized Prostate Cancer. Prostate
2017.

14. Raval AD, Thakker D, Negi H, et al. Association between statins and clinical outcomes among
men with prostate cancer: a systematic review and meta-analysis. Prostate Cancer Prostatic Dis
2016, 19(2):151-162.

15. Scosyrev E, Tobis S, Donsky H, et al. Statin use and the risk of biochemical recurrence of
prostate cancer after definitive local therapy: a meta-analysis of eight cohort studies. BJU Int 2013,
111(3 Pt B):E71-7.



TABLES

Table 1. Population characteristics by median total cholesterol. Study population of 1,314 prostate
cancer patients managed with radical prostatectomy at the Tampere University Hospital between

1995 and 2009.

Total cholesterol

Normal (5.0 mmol/I or lower)

Elevated (over 5.0 mmol/l)

Number of men 595 472
Median age at surgery 64 years 62 years**
Median PSA at dg: 7.10 pg/l 7.04 ng/l
antidiabetic medication usage: 118 (19.8 %) 26 (5.5 %)**

antihypertensive medication

427 (71.8 %)

263 (55.7 %)**

usage:
statin usage: 300 (50.4 %) 167 (35.4 %)**
NSAID usage 375 (63.0%) 314 (66.5 %)
allopurinol usage 35 (5.9%) 26 (5.5 %)
Gleason grade <7 288 (49.0 %) 198 (42.4 %)
Gleason grade =7 244 (41.5 %) 219 (46.9 %)
Gleason grade >7 56 (9.5 %) 50 (10.7 %)

Clinical stage:

T1-2N0O/xMO0/x

544 (99.3 %)

413 (98.6 %)

T3, N1 or M1

4(0.7 %)

6 (1.4 %)

Pathologic stage:

T1-2N0/xMO0/x

436 (73.3 %)

354 (75.0 %)

T3, N1 or M1 159 (26.7 %) 118 (25.0 %)
PLND during RP 528 (88.7%) 379 (80.3 %)**

Positive surgical margins 249 (41.8 %) 218 (46.2 %)

Negative surgical margins 278 (46.7 %) 278 (46.7 %)

Unknown surgical margins

68 (11.4 %)

68 (11.4 %)

Symptoms at diagnosis:

98 (16.5 %)

77 (16.3 %)

Perineural invasion:

404 (67.9 %)

322 (68.2 %)

Gleason upgrade:

258 (43.4 %)

153 (32.4 %)**

Gleason downgrade:

92 (15.5 %)

63 (13.3 %)

*p-value for difference compared to men with total cholesterol at or below median 0.05-0.001

** p-value for difference compared to men with total cholesterol at or below median less than 0.001




Table 2. Risk of having adverse clinical tumor characteristics, based on the average of preoperative serum cholesterol values. Cohort of 1 314
prostate cancer cases managed operatively at the Tampere University Hospital between 1995 and 2009. Multivariable analysis is adjusted for age,
preoperative PSA-level, pathological T-stage and Gleason score, use of antihypertensive and antidiabetic medication, NSAIDs and allopurinol
and surgical marginal positivity. N-column shows the number of outcomes and the total number of men in a particular subgroup, respectively.

Gleason grade 7-10 pathological stage T3-T4 or N1 PSA at surgery above 4.8 pg/l
N age-adjusted | multivariable- | N age-adjusted | multivariable- N age-adjusted | multivariable-
OR (95% adjusted OR (95% CI) | adjusted OR (95% CI) | adjusted
CI) OR (95% CI) OR (95% CI) OR (95% CI)
Total
cholesterol
normal 105/168 | REF REF 42/167 | REF REF 89/168 | REF REF
clevated 138/222 0.63 1.14 (0.74-1.76) | 51/221 1.00 0.97 (0.59-1.58) | 122/222 113 1.1
(1.11-1.70) (0.62-1.61) (0.75-1.71) (0.73-1.68)
LDL
cholesterol
normal 109/162 | REF REF 41/160 | REF REF 91/161 | REF REF
clevated 105/164 0.79 1.03 (0.63-1.68) | 21/163 0.73 0.64 (0.37-1.12) | 95/164 112 111
(0.94-1.50) (0.43-1.25) (0.71-1.74) (0.70-1.75)
HDL
cholesterol
impaired 27/38 | REF REF 29/38 | REF REF 26/38 REF REF
normal 119/309 0.43 0.82 (0.38-1.79) | 68/307 0.91 0.87 (0.38-1.99) | 174/309 0.60 0.55
(0.74-1.56) (0.41-2.02) (0.29-1.22) (0.26-1.16)
Triglycerides
normal 180/286 | REF REF 63/284 | REF REF 160/286 | REF REF
clevated 67/114 0.58 0.89 (0.56-1.43) | 33/114 153 1.55 (0.92-2.63) | 62/114 0.95 0.98
(0.88-1.38) (0.93-2.53) (0.61-1.47) (0.62-1.54)




Table 3. Risk of disease recurrence and death after radical prostatectomy by preoperative and
postoperative serum cholesterol Multivariable analysis is adjusted for age, preoperative PSA-level,
pathological T-stage and Gleason score, use of antihypertensive and antidiabetic medication,
NSAIDs and allopurinol and surgical marginal positivity. Postoperative cholesterol values are time-

dependent yearly averages and preoperative values are time-independent averages of all

preoperative measurements. Cohort of 1 314 prostate cancer cases managed operatively at the
Tampere University Hospital between 1995 and 2009.

Risk of disease recurrence

Risk of death due to any cause

number of | HR (95% HR (95% number of | HR (95% HR (95%
recurrences | CI) CI) deaths / all | CI) age-adjusted | CI)
/all age-adjusted multivariable available multivariable
available cases
cases
Preoperative
total
cholesterol
Normal 49/168 REF REF 22/168 REF REF
(29.2 %) (13.1 %)
Elevated 53/222 0.84 0.69 32/222 1.05 1.02
(23.9 %) (0.57-1.25) | (0.45-1.03) | (14.4%) | (0.62-1.78) | (0.60-1.75)
Postoperative
total
cholesterol
Normal 213/586 REF REF 149/586 REF REF
(36.3 %) (25.4 %)
Elevated 156/436 0.88 0.84 82/436 0.56 0.84
(35.8 %) (0.61-1.26) | (0.58-1.21) | (18.8%) | (0.31-1.01) | (0.58-1.21)
Preoperative
LDL
cholesterol
Normal 42/161 REF REF 18/161 REF REF
(68.9 %) (11.2 %)
Elevated 24/164 0.65 0.54 19/164 1.17 1.34
(37.5 %) (0.40-1.06) | (0.33-0.90) | (11.6 %) | (0.61-2.25) | (0.68-2.62)
Postoperative
LDL
cholesterol
Normal 211/571 REF REF 139/571 REF REF
(37.0 %) (24.3 %)
Elevated 155/443 0.86 0.82 88/443 0.51 0.56
(35.0 %) (0.59-1.24) | (0.57-1.19) | (19.9 %) | (0.28-0.93) | (0.31-1.02)
Preoperative
HDL
cholesterol
Impaired 10/38 REF REF 3/38 REF REF
(26.3 %) (7.9 %)
Normal 71/309 0.93 1.24 38/309 1.72 2.63
(23.0 %) (0.48-1.81) | (0.61-2.52) | (12.3 %) | (0.53-5.60) | (0.77-9.06)

Postoperative




HDL

cholesterol

Impaired 37/119 REF REF 40/119 REF REF
(31.1 %) (33.6 %)

Normal 331/899 0.88 0.87 191/899 0.30 0.32
(36.8 %) (0.54-1.44) | (0.53-1.43) | (21.2%) | (0.18-0.52) | (0.19-0.54)

Preoperative

triglycerides

Normal 74/286 REF REF 41/286 REF REF
(25.9 %) (14.3 %)

Elevated 31/114 1.03 0.91 24/114 1.41 1.03
(27.2 %) (0.67-1.57) | (0.57-1.46) | (21.1 %) | (0.84-2.37) | (0.58-1.83)

Postoperative

triglycerides

Normal 305/835 REF REF 186/835 REF REF
(36.5 %) (22.3 %)

Elevated 65/193 1.29 1.28 41/193 0.74 0.72
(33.7 %) (0.86-1.92) | (0.86-1.92) | (21.2%) | (0.38-1.44) | (0.37-1.41)




Table 4. Lag-time analysis on the risks of prostate cancer recurrence and death. Cholesterol values
were analyzed as time dependent variable. All hazard ratios were calculated with multivariable
analysis and are thus adjusted for age, preoperative PSA-level, pathological T-stage and Gleason
score, use of antihypertensive and antidiabetic medication, NSAIDs and allopurinol and surgical
marginal positivity. Cohort of 1 314 prostate cancer cases managed operatively at the Tampere
University Hospital between 1995 and 2009.

Risk of recurrence Risk of death
HR (95% CI) HR (95% CI)
No lagging 3 yrs. lag Syrs.lag | Nolagging | 3yrs.lag | 5yrs. lag
time time time time
Total 0.84 1.08 1.17 0.84 1.02 1.21
cholesterol | (0.58-1.21) (0.76-1.54) | (0.78-1.76) | (0.58-1.21) | (0.69-1.52) | (0.80-1.83)
LDL 0.82 0.96 1.04 0.56 1.23 1.49
(0.57-1.19) (0.67-1.38) | (0.68-1.60) | (0.31-1.02) | (0.83-1.81) | (0.97-2.29)
HDL 0.87 1.02 1.26 0.32 0.79 1.03
(0.53-1.43) (0.6-1.73) | (0.65-2.44) | (0.19-0.54) | (0.47-1.33) | (0.55-1.95)
TG 1.28 0.98 0.45 0.72 1.08 0.52
(0.86-1.92) (0.65-1.48) | (0.25-0.83) | (0.37-1.41) | (0.68-1.72) | (0.28-0.98)




Table 5. Risk of disease recurrence and death by the change in serum cholesterol after initiation of

statin therapy. Cohort of 1 314 prostate cancer cases managed operatively at the Tampere
University Hospital between 1995 and 2009.

disease recurrence

death due to any cause

Total number of HR (95% CI) number of deaths | HR (95% CI)
cholesterol recurrences / all / all available

available cases cases
No decrease 10/18 REF 2/18 REF
decrease at 14/59 0.24 (0.09-0.60) 11/59 2.79 (0.57-13.7)
median or below
decrease above 27/77 0.40 (0.18-0.87) 20/77 3.96 (0.86-18.2)
median
LDL cholesterol
No decrease 9/21 REF 3/31 REF
decrease at 11/38 0.31 (0.11-0.88) 5/38 1.30 (0.27-6.18)
median or below
decrease above 19/58 0.47 (0.19-1.14) 13/58 1.88 (0.47-7.44)
median
Triglycerides
No decrease 19/58 REF 9/58 REF
decrease at 9/25 0.76 (0.31-1.83) 7/25 1.63 (0.60-4.47)
median or below
decrease above 26/83 0.75 (0.39-1.45) 23/83 1.33 (0.59-3.00)

median
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Figure la:

Subgroup analysis on the effect of HDL on the risk of all-cause death Hazard ratios and 95% confidence intervals of risk of all-cause death
by postoperative serum HDL level above the recommended 1.0 mmol/l. Cohort of 1 314 prostate cancer cases managed operatively at the

Tampere University Hospital between 1995 and 2009.
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Figure 1b:

Subgroup analysis on the effect of total cholesterol on the risk of all-cause death Hazard ratios and 95% confidence intervals of risk of all-
cause death by postoperative total cholesterol level over the recommended limit of 5.0 mmol/l. Cohort of 1 314 prostate cancer cases managed
operatively at the Tampere University Hospital between 1995 and 2009.
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Figure 2a:

Subgroup analysis on the effect of HDL on the risk of PCa recurrence. Hazard ratios and 95% confidence intervals of risk of prostate cancer
recurrence by postoperative serum HDL levels above the recommended 1.0 mmol/l. Cohort of 1 314 prostate cancer cases managed operatively
at the Tampere University Hospital between 1995 and 2009
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Figure 2b:

Subgroup analysis on the effect of total cholesterol on the risk of PCa recurrence. Hazard ratios and 95% confidence intervals of risk of
prostate cancer recurrence by postoperative total cholesterol levels over the recommended limit of 5.0 mmol/l. Cohort of 1 314 prostate cancer
cases managed operatively at the Tampere University Hospital between 1995 and 2009.



