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Abstract
Background: Inflammation has been linked to prostate cancer and hyperten-
sion, but it remains equivocal whether elevated blood pressure (BP) influence 
prostate cancer risk and survival.
Method: Using Cox regression models, we examined the association between 
prediagnostic BP and prostate cancer risk among 12,271 men participating in the 
Prostate Cancer throughout life (PROCA-life) study. Systolic and diastolic BP 
were measured. A total of 811 men developed prostate cancer, and followed for 
additional 7.1  years, and we studied the association between prediagnostic BP 
and overall mortality among patients with prostate cancer.
Results: Men (>45 years) with a systolic BP >150 mmHg had a 35% increased risk 
of prostate cancer compared with men with a normal systolic BP (<130 mmHg) 
(HR 1.35, 95% CI 1.08–1.69). Among patients with prostate cancer, men with 
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1   |   INTRODUCTION

Prostate cancer and hypertension are both common and 
complex conditions among men world-wide. While pros-
tate cancer is one of the most common cancers in men 
and its incidence continues to rise, systolic blood pressure 
(BP) above 115 mmHg is ranked as a leading risk factor for 
the global burden of disease.1 The global age-standardized 
prevalence of elevated BP (systolic BP ≥140 mmHg or di-
astolic BP ≥90 mmHg) in men was estimated as ≥20% in 
2015.2 Of note, high BP may last for several decades ahead 
of any disease development, reflecting a long-lasting cu-
mulative exposure and exposure time of interest in an 
ageing-related disease as prostate cancer.

Hypertension has been linked to inflammation, and 
inflammation is one of the hallmarks of cancer develop-
ment.3 Inflammatory cells in the prostate microenviron-
ment associated with precursor lesions for prostate cancer 
in the prostate gland, termed proliferative inflammatory at-
rophy, have been observed.4 Recently, we observed that sys-
temic prediagnostic inflammatory biomarkers including 
high sensitive C-reactive protein (hs-CRP) and white blood 
cells were associated with prostate cancer development, 
and our results are supported by others linking systemic in-
flammatory biomarkers to prostate cancer development.5

Results from previous studies of the association be-
tween hypertension and prostate cancer development have 
been inconsistent.6–8  Neither the European Prospective 
Investigation into Cancer and Nutrition (EPIC) nor a 
meta-analysis observed any association between hy-
pertension and risk of prostate cancer.7,8 However, a 
meta-analysis including case–control and cohort studies 
support that hypertension may increase prostate cancer 
risk.6 Moreover, in a longitudinal case–control study, men 
(aged 40–58 years at study entry) in the highest quartile of 
systolic BP (>150 mmHg) had an increased prostate can-
cer risk.9 Hypertension was also associated with increased 
risk of biochemical recurrence after radical prostatectomy, 
independent of age at diagnosis and tumor pathological 

features.10  Whether long-lasting, raised diastolic hyper-
tension influences prostate cancer development and prog-
nosis has not been much studied. Use of antihypertensive 
medication does not seem to have any effect on cancer 
risk.11  Thus, the importance of elevated BP may show 
variation by age at onset of hypertension, exposure time, 
age when diagnosed with prostate cancer, and aggressive-
ness of disease.12

Whether long-lasting, modern, prostate cancer treat-
ments interact with systolic and diastolic BP of impor-
tance for survival has not been much studied.13 Androgen 
deprivation therapy (ADT) has a key role in adjuvant 
prostate cancer treatment combined with radiation ther-
apy, as well as in the lifelong treatment of metastatic 
prostate cancer.14,15 However, important side effects from 
ADT include a higher risk of later cardiovascular disease 
(CVD).16 Men with prostate cancer, aged ≥40 years, who 
underwent ADT, were observed to have a higher risk of 
developing hypertension.17 However, there is a knowledge 
gap regarding elevated BP before, during, and after pros-
tate cancer treatment. Furthermore, we lack information 
about the importance of a pre-existing hypertension on 
the risk for future CVD events after initiating ADT among 
patients with prostate cancer.

The aim of the present study was, therefore, to study 
whether prediagnostic systolic and diastolic BP were as-
sociated with prostate cancer risk, if prediagnostic systolic 
and diastolic BP were associated with overall mortality 
among patients with prostate cancer, and if such associ-
ations vary by age and type of prostate cancer treatment.

2   |   METHOD

2.1  |  Study design, settings, and 
participants

The Prostate Cancer Study throughout life (PROCA-life) 
includes all men older than 25 years at study entry who 
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systolic BP >150 mmHg had a 49% increased overall mortality compared with 
men with a normal systolic BP (HR 1.49, 1.06–2.01). Among patients with prostate 
cancer treated with curative intent, those with a high diastolic BP (>90 mmHg) 
had a threefold increase in overall mortality risk (HR 3.01, 95% CI 1.40–6.46) 
compared with patients with a normal diastolic BP (<80 mmHg).
Conclusion: Our results support that systolic and diastolic BP are important fac-
tors when balancing disease management in patients with prostate cancer.
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were enrolled in the population-based Tromsø Study in 
1994/1995 (Tromsø 4).18,19  The procedures and assess-
ments were performed by trained research technicians at 
one study site. All age-eligible men in the Tromsø munici-
pality were invited to participate with a personal written 
invitation, and nonresponders were given one reminder. 
The attendance proportion for men included in the pre-
sent study was 69.6% of those invited.19

2.2  |  Questionnaire and assessments of 
lifestyle factors

The questionnaire was checked for completeness and 
inconsistency and included questions about medical his-
tory, lifestyle factors, and use of medication including 
antihypertensive drugs. Educational level was categorical 
(1 = secondary school only, 5 = college/university for 4 
or more years). Alcohol use was defined as more than 1 
unit of alcohol per month, defined by others in this co-
hort.20,21 We defined being physically active as more than 
1 h/week of strenuous exercise, or any leisure time exer-
cise more than 2–3 times/week.

2.3  |  Assessments of systolic and diastolic 
blood pressure and clinical assessments

Systolic and diastolic BP (mmHg) were measured by using 
an automatic device (Dinamap Vital Signs Monitor 1846; 
Critikon Inc.). Participants rested for 2 min in a sitting po-
sition, then three readings were taken on the upper right 
arm, separated by 1-min intervals, and the average of the 
last two readings was used.22

Height and weight were measured on a regularly cali-
brated electronic scale with the participants wearing light 
clothing and no shoes. Height was measured to the nearest 
centimeter (cm) and weight to the nearest kilogram (kg). 
Body mass index (BMI) was calculated using the formula 
weight/height2 (kg/m2).

2.4  |  Assessment of serum samples

Blood samples (nonfasting) were drawn by trained re-
search assistants on attendance. Analyses of serum sam-
ples were done at the Department of Laboratory Medicine, 
University Hospital of Northern Norway (UNN).18 
Prostate-specific antigen (PSA) measurements were done 
for cancer cases only, as part of clinical routine in diagno-
sis and follow-up (1990–1994 Stratus® PSA Fluorometric 
Enzyme Immunoassay, 1994–2001 AxSYM Psa Reagent 
Pack, Abbot®, 2001 Bayer® PSA Reagens Pack Immuno I 

[Prod. Nr.T01-3450-51], Technicon Immuno I). For pa-
tients with prostate cancer diagnosed or treated in other 
institutions (n = 21), PSA values from their local laborato-
ries were recorded.

2.5  |  Identification of patients with 
prostate cancer during follow-up

Patients with prostate cancer diagnosed during follow-up 
(until December 31, 2018) were identified by using the 
unique national 11-digit identification number through 
linkage with the Cancer Registry of Norway. We excluded 
all men who had a previous history of cancer (n = 382), 
or who emigrated, died, or were diagnosed with cancer 
within the first year after study entry (n = 128), to account 
for the possibility that undiagnosed cancer or severe ill-
ness could influence our results. Participants with miss-
ing measurement of BP at study entry were also excluded 
(n = 24) leaving a final study population of 12,271 men 
(Figure S1).

A total of 811 men developed prostate cancer during 
follow-up between 1994 and 2018. There were no ongoing 
screening programs for prostate cancer in Norway during 
the study period. Causes of death were identified by link-
age to the Norwegian Cause of Death Registry, and dates 
of emigration were obtained from the Population Registry 
of Norway.

Detailed information from medical records were ob-
tained by trained physicians (TK, MS, and ES) and in-
cluded prostate cancer treatments and recurrence. A total 
of 153 patients with prostate cancer had missing data in 
treatment details or follow-up but were still included if 
baseline data; data about diagnosis and data on cause of 
death were complete (Figure S1).

Histopathological information for the patients with 
prostate cancer was obtained from histopathological 
records and were in addition re-examined by the same 
specialized pathologist (ER) and classified according to 
the latest International Society of Urological Pathology 
(ISUP) guidelines on Gleason score and ISUP grade 
group.23 Patients with prostate cancer were divided into 
four risk groups based on PSA level at diagnosis, high-
est ISUP grade group and clinical T-stage, similar to the 
European Association of Urology-classification (EAU) 
guidelines.14 Risk group 1 (low) was defined as PSA 
<10 µg/L, clinical T-stage (cT-) 1, and ISUP grade group 
1. Risk group 2 (intermediate) was defined as PSA: 10–
20 µg/L, cT-stage 2, or ISUP grade group 2–3. Risk group 
3 (high) was defined as PSA: >20–100 µg/L, cT-stage 3, 
or ISUP grade group 4–5. Risk group 4 (metastatic) was 
defined as PSA >100 µg/L, or with radiological evidence 
of metastatic disease. ISUP grade group was reported 
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after reclassification when available. PSA values above 
100 were not included in calculation of mean or median 
PSA.

2.6  |  Statistical methods

Descriptive characteristics of the study population were 
presented as means (standard deviation) or percent (num-
bers). Multivariable Cox proportional hazard models, 
with follow-up time as timescale, were used to investi-
gate whether prediagnostic systolic or diastolic BP were 
independently associated with prostate cancer risk and 
mortality. To study the importance of the variation, predi-
agnostic systolic and diastolic BP were split in four levels 
based on international categories: systolic BP (mmHg): 
<130, 130–139.9, 140–149.9, ≥150  mmHg, diastolic BP 
(mmHg): <80, 80–89.9, 90–99.9, ≥100 mmHg.

Associations between baseline BP and prostate cancer 
incidence have been studied in the full cohort (n = 12,271), 
and associations between baseline BP and overall mor-
tality have been studied in men diagnosed with prostate 
cancer (the PCa-cohort, n = 811). Follow-up to incidence 
of prostate cancer was calculated from the date of entry 
into the study to the date of prostate cancer diagnosis, 
date of emigration, date of death, or end of follow-up 
(December 31, 2018), whichever event occurred first. 
Follow-up to mortality after prostate cancer diagnosis was 
calculated from the date of prostate cancer diagnosis to 
date of death, emigration, or end of follow-up (December 
31, 2018). Based on biological mechanisms hypothesized 
and previous observations suggesting that risk factors for 
prostate cancer may vary by time period during lifetime 
and by length of exposure,24 separate analyses on prostate 
cancer incidence were performed in two age groups (age 
at entry <45  years and age >45  years). Furthermore, to 
study whether the association between prediagnostic BP 
and mortality varied by the type of prostate cancer treat-
ment, analyses were performed by type of treatment, cu-
rative or endocrine, within the PCa-cohort.

Several variables were assessed as potential confound-
ers based on suggested biological mechanisms influencing 
systolic and diastolic BP and/or prostate cancer risk and 
prognosis. Age at entry (continuous), BMI (continuous), 
alcohol habits (categorical), smoking (categorical), phys-
ical activity (categorical), educational level (categorical), 
and diabetes (yes/no) were included as covariates in the 
final models. Use of lipid-lowering and/or antihyperten-
sive medication were included but did not influence the 
results and were excluded in the final models.

Kaplan–Meier survival curves of prostate cancer inci-
dence and of total mortality were presented for the full co-
hort and for the PCa cohort, respectively. The proportional 

hazard assumption was verified by assessing the parallel-
ism between log minus log survival curves for categories 
of BP and also formal tests based on Schoenfeld residu-
als. All statistical tests were two-sided using a significance 
level of p < 0.05 and conducted with STATA/MP version 
16 (StataCorp LLC).

3   |   RESULTS

At study entry, the cohort participants had the following 
means: age at entry 45.6  years (SD 14.2), prediagnostic 
systolic BP 134.1  mmHg and prediagnostic diastolic BP 
77.5 mmHg (Table 1). During follow-up, a total of 811 men 
developed prostate cancer with a mean age at diagnosis of 
69.4 years. A total of 18.0% of the patients with prostate 
cancer were in the low-risk group, and 21.7% were in the 
high-risk group at the time of diagnosis. A total of 265 pa-
tients with prostate cancer (32.7%) died during 7.1 years 
of follow-up, of whom 41.9% (n = 111) were classified as 
prostate cancer death, 12.5% (n  =  33) as cardiovascular 
death and 45.7% (n = 121) other causes of death (Table 1, 
Table S2).

3.1  |  Prediagnostic systolic and diastolic 
blood pressure and prostate cancer risk

We observed an increased incidence of prostate cancer 
among men in the upper level of both systolic and diastolic 
BP (systolic BP ≥150 mmHg, diastolic BP ≥100 mmHg) in 
crude data (Figure 1). Among men aged >45 years at study 
entry, we observed, when adjusted for potential confound-
ing factors, a positive dose–response association between 
prediagnostic systolic BP and prostate cancer risk (HR 
1.07 per SD increase, 95% CI 1.00–1.16). Furthermore, 
men with a prediagnostic systolic BP >150 mmHg had a 
35% increased risk of prostate cancer compared with men 
with prediagnostic systolic BP <130 mmHg (HR 1.35, 95% 
CI 1.08 −1.69). We observed an overall positive dose–
response relationship between prediagnostic diastolic BP 
and risk of prostate cancer (HR 1.08 per SD increase, 95% 
CI 1.01–1.17) (Table 2, Figure 1). Associations between BP 
and incidence of different risk-groups of prostate cancer 
has been tested but did not provide statistically significant 
results.

3.2  |  Prediagnostic systolic and diastolic 
blood pressure and survival

After 7.1  years of follow-up after being diagnosed with 
prostate cancer, there was among patients with prostate 
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T A B L E  1   Distribution of selected prediagnostic characteristics for men with prostate cancer (cases) and without prostate cancer (non-
cases) in the PROCA-life Study (1994–2018)

Characteristics Non-cases (n = 11,460) Prostate cancer cases (n = 811)

Age at entry (years) 45.6 (14.2) 54.4 (10.8)

Observation time (years) 21.0 (6.0) 14.0 (6.1)

Clinical variables, mean (SD)

Systolic blood pressure (mmHg) 134.1 (16.8) 137.9 (18.9)

Diastolic blood pressure (mmHg) 77.5 (11.6) 80.8 (11.7)

Body mass index (kg/m2) 25.6 (3.3) 25.9 (3.2)

Serum samples at study entry mean (SD)

Total cholesterol (mmol/L) 6.02 (1.2) 6.32 (1.2)

Hs-CRP (mg/L)a 2.97 (7.4) 2.57 (4.7)

White blood cells (×109/L) 7.07 (2.0) 6.98 (1.8)

Lifestyle factors (%)

Lipid-lowering drugs, current use 1.0 1.4

User of blood pressure–lowering medication 7.2 9.3

Current smokers 36.8 31.0

Physically active 37.6 36.0

Alcohol user 66.5bn 66.8

Characteristics among patients with prostate cancer

Age at diagnosis, mean (SD) (years) 69.4 (9.0)

PSA at diagnosis, median (μg/L)b 10.9

Observation time after diagnosis (years) 7.1

Cancer-specific mortality, % of all death (n) 41.9 (111)

Cardiovascular death, % of all death (n) 12.5 (33)

Other causes, % of all death (n) 45.7 (121)

Tumor characteristics

T-stage, % (n)

T1 42.4 (344)

T2 24.4 (198)

T3 13.1 (106)

T4 3.8 (31)

Tx 16.2 (132)

ISUP Grade Group, % (n)

1 (Gleason 3+3) 39.1 (317)

2 (Gleason 3+4) 19.5 (158)

3 (Gleason 4+3) 8.5 (69)

4 (Gleason 4+4) 6.9 (56)

5 (Gleason 4+5/5+4/5+5) 7.4 (60)

ISUP missing 16.8 (151)

Risk group, % (n)

Low 18.0 (146)

Intermediate 32.9 (267)

High 21.7 (176)

Metastatic 9.0 (73)

Unknown 18.4 (149)

(Continues)
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cancer a positive dose–response association between pre-
diagnostic systolic BP and overall mortality (HR 1.14 per 
SD increase, 95% CI 1.03–1.27) and prediagnostic diastolic 
BP and overall mortality (HR 1.17 per SD increase, 95% 
CI 1.03–1.32). Patients with prostate cancer with a predi-
agnostic diastolic BP ≥100 mmHg, had an 85% increased 
overall mortality compared with patients with prostate 
cancer with diastolic BP <80  mmHg (HR 1.85, 95% CI 
1.22–2.82). Patients with prostate cancer treated with cu-
rative intention and with a high prediagnostic diastolic 
BP (≥100 mmHg) had a threefold higher overall mortality 
risk compared with the patients with prostate cancer with 
a prediagnostic diastolic BP <80 mmHg (HR 3.05, 95% CI 
1.42–6.55). Among patients with prostate cancer receiving 
endocrine treatment, those with a high prediagnostic di-
astolic BP (≥100 mmHg) at study entry had a twofold in-
crease in overall mortality risk compared with those with 
a prediagnostic diastolic BP <80 mmHg (HR 2.15, 95% CI 
1.25–3.69) (Table 3).

After 10  years of follow-up, we observed that among 
patients with prostate cancer, 49% of those with a prediag-
nostic systolic BP ≥150 mmHg were alive, compared with 
66% of patients with prostate cancer with a normal predi-
agnostic systolic BP (<130 mmHg). Among those with a 
prediagnostic diastolic BP ≥100  mmHg, 33% were alive, 
compared with 61% of the patients with prostate cancer 

with a normal prediagnostic diastolic BP (<80  mmHg). 
(Figure 2).

This association was even more pronounced among 
men >45  years at entry compared with overall, where 
the patients with prostate cancer with a high prediagnos-
tic diastolic BP (≥100 mmHg) at study entry had a nearly 
doubled overall mortality risk compared with those with 
a prediagnostic diastolic BP <80 mmHg (HR 1.99, 95% CI 
1.30–3.04), and a positive dose–response association was 
observed between prediagnostic BP and overall mortality 
(p-trend = 0.002) (Table 3, Table S1).

4   |   DISCUSSION

In this prospective study, we observed a dose–response as-
sociation between prediagnostic systolic and diastolic BP 
and prostate cancer risk and overall survival. Additionally, 
among prostate cancer patients treated with curative in-
tention and patients receiving endocrine treatment a high 
prediagnostic diastolic BP (≥100  mmHg) was associated 
with a threefold and twofold increased increased overall 
mortality risk, respectively, compared with those with a 
prediagnostic diastolic BP below 80 mmHg.

Our results extend previous results but are also in part 
supported by others who have observed that elevated 

Characteristics Non-cases (n = 11,460) Prostate cancer cases (n = 811)

Prostate cancer treatment characteristics, % (n)

Curative intended treatment 58.7 (476)

Endocrine treatment, overall 36.0 (292)

Endocrine treatment, curative 19.2 (156)

Numbers may vary due to missing information. Values are mean (standard deviation) unless otherwise specified.
Prostate cancer risk group definitions: Low: PSA <10 µg/L, clinical T-stage (cT-) 1, and ISUP grade group 1. Intermediate: PSA: 10–20 µg/L, cT-stage 2, or 
ISUP grade group 2–3. High: PSA: >20–100 µg/L, cT-stage 3, or ISUP grade group 4–5. Metastatic: PSA >100 µg/L, or with radiological evidence of metastatic 
disease.
Abbreviations: Hs-CRP, high-sensitivity C-reactive protein; PSA, prostate-specific antigen; ISUP, International Society of Urological Pathology.
aCRP measured only in 2781 men.
bPSA values above 100 were not included in calculation of mean or median PSA.

T A B L E  1   (Continued)

F I G U R E  1   Kaplan–Meier survival 
curves of prostate cancer incidence 
according to prediagnostic systolic (A) 
and diastolic (B) blood pressure (bp)

(B) Diastolic blood pressure(A) Systolic blood pressure



      |  7STIKBAKKE et al.

systolic BP is associated with increased incidence of pros-
tate cancer.25–28 Interestingly, hypertension was associated 
with higher prostate cancer risk, with the strongest asso-
ciation for fatal prostate cancer.12 In contrast, neither the 
EPIC-study nor a meta-analysis observed any associations 
between hypertension and risk of prostate cancer.7,8 Our 
findings that elevated prediagnostic systolic BP might be 
a risk factor only in men above 45  years may be an ob-
servation only by chance or may suggest variation by age 
groups and a reason for the inconsistent findings observed 
in previous studies. Of note, in a Swedish study including 
330,000  men that were enrolled into the study between 
1971 and 1993 with a mean age at entry of 34.7 years, both 
systolic and diastolic BP were associated with a decreased 
risk of incident prostate cancer.29 These findings may sug-
gest that the association between elevated BP and prostate 
cancer may vary by time periods due to several factors, in-
cluding improved diagnostic possibility of prostate cancer 
and an aging population at risk. Importantly, biological 
mechanism risk factors including chronic inflammation 
initiating raised systolic and diastolic BP may also vary 
throughout different time periods, and treatment for hy-
pertension is initiated at a lower level of diastolic and sys-
tolic BP today compared with 1970s- ‘80s. These settings 

may complicate interpretation and comparisons between 
studies regarding raised BP and prostate cancer risk and 
survival throughout time periods, even if tracking of BP is 
high.22 Furthermore, the age at onset of hypertension and 
the cumulative exposure of hypertension during lifetime 
may complicate the interpretation of any association be-
tween elevated BP and prostate cancer during long-term 
follow-up. Of note, all our participants have measured BP 
at study entry.

Few studies have looked at the isolated effect of dia-
stolic BP on prostate cancer development, but among pa-
tients with prostate cancer with a mean age at diagnosis 
of 70 years, high levels of PSA were associated with high 
levels of systolic and diastolic BP.30 In another study, a 
positive association between PSA and diastolic BP was 
observed when adjusting for age and other clinical and 
socioeconomic factors,31 and a 5% increased risk for pros-
tate cancer for each 11.4 mmHg increase in prediagnostic 
diastolic BP has been observed by others.32 These findings 
support our findings suggesting that elevated diastolic BP 
may play a role in relation to prostate cancer development.

To our knowledge, we are the first to investigate the 
effect of prediagnostic diastolic BP by treatment details 
(curative intent, endocrine treatment). However, our 

T A B L E  2   Multivariable adjusteda hazard ratios (HRs) for incident prostate cancer according to the levels of prediagnostic systolic and 
diastolic blood pressure by age-group (≤/>45 years). The PROCA-life study (1994–2018)

All age ( patients with prostate 
cancer n = 811)

≤45 years at baseline (patients 
with prostate cancer n = 183)

>45 years at baseline ( patients 
with prostate cancer n = 628)

HR (95%CI) HR (95%CI) HR (95%CI)

Number of cases Multivariablea Number of cases Multivariablea Number of cases Multivariablea

Systolic blood pressure (mmHg)

<130 296 1.00 (ref.) 95 1.00 (ref.) 201 1.00 (ref.)

130–139.9 221 1.20 (1.01–1.43) 56 1.13 (0.81–1.58) 165 1.28 (1.04–1.58)

140–149.9 121 0.99 (0.80–1.23) 23 1.03 (0.65–1.64) 98 1.08 (0.84–1.38)

≥150 173 1.13 (0.92–1.39) 9 0.87 (0.43–1.74) 164 1.35 (1.08–1.69)

p for trendb 0.41 0.967 0.025

Per SD 
increase

1.00 (0.93–1.08) 0.94 (0.76–1.16) 1.07 (1.00–1.16)

Diastolic blood pressure (mmHg)

<80 404 1.00 (ref.) 132 1.00 (ref.) 272 1.00 (ref.)

80–89.9 227 0.99 (0.83–1.16) 37 0.80 (0.55–1.15) 190 0.93 (0.77–1.13)

90–99.9 132 1.25 (1.02–1.54) 11 0.79 (0.42–1.49) 121 1.20 (0.96–1.50)

≥100 48 1.20 (0.88–1.64) 3 0.76 (0.24–2.40) 45 1.15 (0.83–1.59)

p for trendb 0.056 0.223 0.165

Per SD 
increase

1.08 (1.01–1.17) 0.88 (0.74–1.06) 1.05 (0.97–1.15)

Statistically significant (p-value < 0.05) hazard ratios are marked in bold letters. p-value for linear trend in blood pressure categories are marked in italic letters.
aAdjusted for age at baseline, body mass index (BMI, kg/m2), smoking, alcohol use, physical activity, diabetes, and education level.
bp-value for linear trend in blood pressure categories.
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findings of a threefold increased mortality risk among 
patients with prostate cancer receiving curative treat-
ment with a prediagnostic diastolic BP >100  mmHg 
compared with patients with prostate cancer with dia-
stolic BP <80  mmHg are in part supported. Moustsen 
et al. observed that men who received first-line pal-
liative treatment had higher rates of ischemic stroke 
or heart failure, compared with prostate cancer–free 
men.33  These findings are also in line with our obser-
vation that men with prostate cancer die at an earlier 

age than prostate cancer–free men (Table S2). In addi-
tion, in a retrospective cohort study with 1900 patients 
with nonmetastatic prostate cancer, 10  years after di-
agnosis the cumulative probability of prostate cancer 
mortality and CVD mortality was 16.4% and 10.0%, re-
spectively.34 These findings support our findings as we 
observed that patients with prostate cancer died at an 
earlier age if they died due to prostate cancer than if 
they died of CVDs. Furthermore, pre-existing hyperten-
sion, hyperglycemia, and overweight were associated 

T A B L E  3   Multivariable adjusteda hazard ratios (HRs) for all-cause mortality according to prediagnostic systolic and diastolic blood 
pressure among patients with prostate cancer by the type of treatment (curative and endocrine prostate cancer treatment). The PROCA-life 
study (1994–2018)

All prostate cancer
Curative 
treatment

Endocrine 
treatment

Number of deaths/cases 265/798

Number 
of 
deaths/
cases 86/476

Number 
of 
deaths/
cases 168/292

HR (95% CI) HR (95% CI) HR (95% CI)

Systolic blood pressure (mmHg)

<130 67/296 1.00 (reference) 22/196 1.00 (reference) 44/94 1.00 (reference)

130–139.9 60/221 1.08 (0.75–1.55) 21/112 1.11 (0.59–2.08) 40/72 0.87 (0.55–1.36)

140–149.9 46/121 0.97 (0.65–1.47) 17/70 1.58 (0.81–3.10) 30/48 0.91 (0.55–1.51)

≥150 92/173 1.35 (0.96–1.90) 26/82 1.83 (0.99–3.40) 54/78 1.11 (0.73–1.71)

p for trendb 0.091 0.029 0.51

Per SD 
increase

1.14 (1.03–1.27) 1.26 (1.03–1.55) 1.14 (0.99–1.31)

Diastolic blood pressure (mmHg)

<80 110/404 1.00 (reference) 32/238 1.00 (reference) 74/125 1.00 (reference)

80–89.9 75/227 1.08 (0.80–1.45) 24/134 1.10 (0.64–1.88) 48/94 0.98 (0.67–1.42)

90–99.9 50/132 1.24 (0.87–1.75) 20/80 1.75 (0.97–3.14) 26/49 0.91 (0.57–1.45)

≥100 30/48 1.85 (1.22–2.82) 10/24 3.05 (1.42–6.55) 20/24 2.15 (1.25–3.69)

p for trendb 0.009 0.004 0.13

Per SD 
increase

1.17 (1.03–1.32) 1.43 (1.17–1.75) 1.12 (0.97–1.30)

Statistically significant (p-value < 0.05) hazard ratios are marked in bold letters. p-value for linear trend in blood pressure categories are marked in italic letters.
aAdjusted for age at baseline, body mass index (BMI, kg/m2), smoking, alcohol use, physical activity, diabetes, and education level.
bp-value for linear trend in blood pressure categories.

F I G U R E  2   Kaplan–Meier survival 
curves of overall mortality among prostate 
cancer cases (n = 811) according to 
prediagnostic systolic (A) and diastolic (B) 
blood pressure (bp)

(A) Systolic blood pressure (B) Diastolic blood pressure
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with poor prostate cancer prognosis.35 Of note, in our 
study, diabetes and body composition were included as 
covariates in our final model, as they influenced our risk 
estimates.

Recently, cardiovascular health, including optimal BP, 
is suggested to be an important factor when balancing dis-
ease management and monitoring cardiovascular health 
in patients with prostate cancer. The importance of in-
cluding optimal BP treatment among patients with pros-
tate cancer was underlined in a recent study, as men who 
received first-line palliative treatment had higher rates of 
heart failure and ischemic stroke.33

Systemic inflammation is among the potential biolog-
ical mechanisms operating to explain the observed asso-
ciation between hypertension and prostate cancer.36–38 
Inflammation is one of the hallmarks of prostate cancer 
development,3 and inflammatory cells associated with 
precursor lesions for prostate cancer in the prostate gland, 
have been observed.4 Interestingly, our results suggest 
that elevated diastolic BP is a stronger risk factor than 
elevated systolic BP for prostate cancer development, 
and in particular for mortality risk. Whether diastolic 
BP rather than systolic BP is more linked to chronic in-
flammation is not much studied.39 However, the main de-
terminants of the systemic arterial BP is cardiac output, 
systemic vascular resistance, and a critical closing pres-
sure at the level of the arterioles.40 Raised BP may down-
regulate IGF-binding protein-1 (IGFBP-1), and this might 
increase the risk of prostate cancer by increasing IGF-1 
activity.32 More research is needed to determine whether 
systemic inflammation caused by both raised systolic and 
diastolic BP play a role or share common biological path-
ways influencing prostate cancer development, or if pre-
malignant cells cause the inflammation that causes the 
hypertension.

The strengths of our study include the measured BP, its 
population based and prospective design with high atten-
dance rate, and a high completeness rate of identification 
of patients with prostate cancer (98.8%).41 Furthermore, 
the rather long, follow-up time, which may result in long 
exposure time of elevated BP, the broad information about 
baseline characteristics and precise measurements of 
risk factors strengthens the results observed. All medical 
records for the patients with prostate were carefully re-
viewed by trained physicians with systematic abstraction 
of histopathology and clinical characteristics. The study 
was able to control for several potential confounding fac-
tors, and to address effect modification, such as age, BMI, 
smoking habits, diabetes, and physical activity.

Our study also has some limitations. The exposure 
variables and other baseline variables were based on a 
single-time, prediagnostic measure. However, tracking 
studies from the same cohort of men have shown that 

men tend to follow a trajectory of BP suggesting an ac-
cumulated lifetime exposure.22 The associations between 
all-cause mortality and baseline BP among patients with 
prostate cancer (Table 3) are based on few events within 
each category, and results should be interpreted with care. 
The frequency of PSA-testing in the population increased 
during the study period, which also influences the inci-
dence of prostate cancer and the age at diagnosis.42 The 
year of prostate cancer diagnosis varies from 1996 to 2018 
(median 2011). In the group aged <45  years at baseline 
(n = 161) the year of diagnosis varies from 1999 to 2018 
(median 2015). In the group aged ≥45 at baseline (n = 650) 
the year of diagnosis varies from 1996 to 2018 (median 
2010). The increase in PSA testing has been prominent 
regardless of age, and it seems less likely that this would 
affect our results42

The sample size was not large enough to conduct de-
tailed subgroup analysis on the cause of death, and infor-
mation regarding family history of prostate cancer was not 
available. We did not have access to serum testosterone 
levels at baseline and was not able to control for this factor 
in our analyze. Low testosterone concentrations may be 
an independent risk factor for hypertension in males.43,44 
Although ADT is a cornerstone in the treatment of meta-
static prostate cancer, there is no solid evidence regarding 
the testosterone level and risk of prostate cancer,45 but tes-
tosterone levels might influence both BP and prostate can-
cer development and could be an important factor. We did 
not have access to genetic analyses, in particular polygenic 
hazard scores, which might be an up-and-coming tool for 
prostate cancer risk stratification.

In conclusion, our study supports that both elevated 
prediagnostic systolic and diastolic BP are associated 
with prostate risk, and with overall mortality among 
patients with prostate cancer. These findings underline 
that both systolic and diastolic BP are important factors 
when balancing disease management and monitoring 
cardiovascular health in patients with prostate cancer. 
Our results are based on a single data point of BP, and 
should be interpreted with caution, and further stud-
ies are needed. Nevertheless, the present study supports 
the view that clinical follow-up visits of patients with 
prostate cancer should include measuring BP and ini-
tiate hypertensive treatment when appropriate, to bal-
ance and optimize the management of patients with 
prostate cancer.

ACKNOWLEDGMENT
The authors would like to thank the participants of the 
Tromsø Study; the Department of Community Medicine, 
UiT The Arctic University of Norway; and Jeanette 
Engeness, Department of Clinical Pathology University 
Hospital of North Norway, Tromsø, Norway.



10  |      STIKBAKKE et al.

CONFLICTS OF INTEREST
The authors have declared no conflicts of interest.

AUTHORS’ CONTRIBUTION
Conceived the study: ES, ER, HSH, and IT. Interpretation 
of data from the Tromsø study: TW, AEE, ES, ER, IT, HSH, 
and HS. Constructed the clinical database: ES, TK, MS, IT, 
HSH, and ER. Performed histological examination: ER. 
Performed statistical analyses and drafted the manuscript: 
ES, TW, ER, HSH, EG, AM, and IT. Critically reviewed the 
manuscript: all authors. Approved the final manuscript: 
all authors.

ETHICS
This study has been approved by the Regional Committee 
for Medical and Health Research Ethics North (REK) 
(2015/1059) and was performed in accordance with the 
1964 Helsinki Declaration and its later amendments. 
Informed consent was obtained from all individual par-
ticipants included in the study.

DATA AVAILABILITY STATEMENT
The data set used in our study is available upon request, 
pending permission from the Tromsø Study (www.troms​
ounde​rsoke​lsen.no).

ORCID
Einar Stikbakke   https://orcid.org/0000-0002-8803-7486 

REFERENCES
	 1.	 Stanaway JD, Afshin A, Gakidou E, et al. Global, regional, and 

national comparative risk assessment of 84 behavioural, envi-
ronmental and occupational, and metabolic risks or clusters of 
risks for 195 countries and territories, 1990–2017: a systematic 
analysis for the Global Burden of Disease Study 2017. Lancet. 
2018;392(10159):1923-1994.

	 2.	 Zhou B, Bentham J, Di Cesare M, et al. Worldwide trends in 
blood pressure from 1975 to 2015: a pooled analysis of 1479 
population-based measurement studies with 19·1 million par-
ticipants. Lancet (London, England). 2017;389(10064):37-55.

	 3.	 Hanahan D, Weinberg RA. Hallmarks of cancer: the next gen-
eration. Cell. 2011;144(5):646-674.

	 4.	 Sfanos KS, Yegnasubramanian S, Nelson WG, De Marzo AM. 
The inflammatory microenvironment and microbiome in pros-
tate cancer development. Nat Rev Urol. 2018;15(1):11-24.

	 5.	 Arthur R, Williams R, Garmo H, et al. Serum inflammatory 
markers in relation to prostate cancer severity and death in the 
Swedish AMORIS study. Int J Cancer. 2018;142(11):2254-2262.

	 6.	 Liang Z, Xie BO, Li J, et al. Hypertension and risk of pros-
tate cancer: a systematic review and meta-analysis. Sci Rep. 
2016;6:31358.

	 7.	 Christakoudi S, Kakourou A, Markozannes G, et al. Blood pres-
sure and risk of cancer in the European Prospective Investigation 
into Cancer and Nutrition. Int J Cancer. 2020;146(10):2680-2693.

	 8.	 Seretis A, Cividini S, Markozannes G, et al. Association between 
blood pressure and risk of cancer development: a systematic 

review and meta-analysis of observational studies. Sci Rep. 
2019;9(1):8565.

	 9.	 Tuohimaa P, Tenkanen L, Syvala H, et al. Interaction of factors re-
lated to the metabolic syndrome and vitamin D on risk of prostate 
cancer. Cancer Epidemiol Biomarkers Prev. 2007;16(2):302-307.

	10.	 Post JM, Beebe-Dimmer JL, Morgenstern H, et al. The meta-
bolic syndrome and biochemical recurrence following radical 
prostatectomy. Prostate Cancer. 2011;2011:245642.

	11.	 Copland E, Canoy D, Nazarzadeh M, et al. Antihypertensive 
treatment and risk of cancer: an individual participant data 
meta-analysis. Lancet Oncol. 2021;22(4):558-570.

	12.	 Dickerman BA, Torfadottir JE, Valdimarsdottir UA, et al. 
Midlife metabolic factors and prostate cancer risk in later life. 
Int J Cancer. 2018;142(6):1166-1173.

	13.	 Ohwaki K, Endo F, Hattori K. Abdominal obesity, hyperten-
sion, antihypertensive medication use and biochemical re-
currence of prostate cancer after radical prostatectomy. Eur J 
Cancer. 2015;51(5):604-609.

	14.	 Mottet N, van den Bergh RCN, Briers E, et al. EAU-EANM-
ESTRO-ESUR-SIOG guidelines on prostate cancer-2020 up-
date. Part 1: screening, diagnosis, and local treatment with 
curative intent. Eur Urol. 2021;79(2):243-262.

	15.	 Cornford P, van den Bergh RCN, Briers E, et al. EAU-EANM-
ESTRO-ESUR-SIOG guidelines on prostate cancer. Part II-2020 
update: treatment of relapsing and metastatic prostate cancer. 
Eur Urol. 2021;79(2):263-282.

	16.	 Melloni C, Nelson A. Effect of androgen deprivation therapy on 
metabolic complications and cardiovascular risk. J Cardiovasc 
Transl Res. 2020;13(3):451-462.

	17.	 Wu Y-H, Jhan J-H, Ke H-L, et al. Risk of developing hyperten-
sion after hormone therapy for prostate cancer: a nationwide 
propensity score-matched longitudinal cohort study. Int J Clin 
Pharm. 2020;42(6):1433-1439.

	18.	 Eggen AE, Mathiesen EB, Wilsgaard T, Jacobsen BK, Njolstad 
I. The sixth survey of the Tromso Study (Tromso 6) in 2007–08: 
collaborative research in the interface between clinical medi-
cine and epidemiology: study objectives, design, data collection 
procedures, and attendance in a multipurpose population-
based health survey. Scand J Publ Health. 2013;41(1):65-80.

	19.	 Jacobsen BK, Eggen AE, Mathiesen EB, Wilsgaard T, 
Njolstad I. Cohort profile: the Tromso study. Int J Epidemiol. 
2012;41(4):961-967.

	20.	 Lofterød T, Frydenberg H, Flote V, et al. Exploring the effects of 
lifestyle on breast cancer risk, age at diagnosis, and survival: the 
EBBA-life study. Breast Cancer Res Treat. 2020;182(1):215-227.

	21.	 Cancer Prevention Recommendations: World Cancer Research 
Fund; 2018. Accessed June 1, 2021. https://www.wcrf.org/dieta​
ndcan​cer/cance​r-preve​ntion​-recom​menda​tions

	22.	 Wilsgaard T, Jacobsen BK, Schirmer H, et al. Tracking of car-
diovascular risk factors: the Tromso study, 1979–1995. Am J 
Epidemiol. 2001;154(5):418-426.

	23.	 van Leenders G, van der Kwast TH, Grignon DJ, et al. The 2019 
International Society of Urological Pathology (ISUP) consen-
sus conference on grading of prostatic carcinoma. Am J Surg 
Pathol. 2020;44(8):e87-e99.

	24.	 Giovannucci E. Adiposity over the life course and prostate 
cancer: unraveling the complexities. Cancer Causes Control. 
2020;31(12):1051-1055.

	25.	 Wallner LP, Morgenstern H, McGree ME, et al. The effects 
of metabolic conditions on prostate cancer incidence over 15 

http://www.tromsoundersokelsen.no
http://www.tromsoundersokelsen.no
https://orcid.org/0000-0002-8803-7486
https://orcid.org/0000-0002-8803-7486
https://www.wcrf.org/dietandcancer/cancer-prevention-recommendations
https://www.wcrf.org/dietandcancer/cancer-prevention-recommendations


      |  11STIKBAKKE et al.

years of follow-up: results from the Olmsted County Study. BJU 
Int. 2011;107(6):929-935.

	26.	 Martin RM, Vatten L, Gunnell D, Romundstad P, Nilsen TI. 
Components of the metabolic syndrome and risk of prostate 
cancer: the HUNT 2 cohort, Norway. Cancer Causes Control. 
2009;20(7):1181-1192.

	27.	 Esposito K, Chiodini P, Capuano A, et al. Effect of metabolic 
syndrome and its components on prostate cancer risk: meta-
analysis. J Endocrinol Invest. 2013;36(2):132-139.

	28.	 Beebe-Dimmer JL, Dunn RL, Sarma AV, Montie JE, Cooney 
KA. Features of the metabolic syndrome and prostate cancer in 
African-American men. Cancer. 2007;109(5):875-881.

	29.	 Stocks T, Hergens MP, Englund A, Ye W, Stattin P. Blood pressure, 
body size and prostate cancer risk in the Swedish Construction 
Workers cohort. Int J Cancer. 2010;127(7):1660-1668.

	30.	 Galvão LL, Tribess S, Silva TG, et al. Prevalence and factors as-
sociated with high concentration of prostate-specific antigen: 
ELSIA study. Biology. 2020;9(10):329.

	31.	 Loprinzi PD, Kohli M. Effect of physical activity and sed-
entary behavior on serum prostate-specific antigen concen-
trations: results from the National Health and Nutrition 
Examination Survey (NHANES), 2003–2006. Mayo Clin Proc. 
2013;88(1):11-21.

	32.	 Martin RM, Vatten L, Gunnell D, Romundstad P. Blood pres-
sure and risk of prostate cancer: Cohort Norway (CONOR). 
Cancer Causes Control. 2010;21(3):463-472.

	33.	 Moustsen IR, Larsen SB, Duun-Henriksen AK, et al. Risk 
of cardiovascular events in men treated for prostate can-
cer compared with prostate cancer-free men. Br J Cancer. 
2019;120(11):1067-1074.

	34.	 Matthes KL, Pestoni G, Korol D, Van Hemelrijck M, Rohrmann 
S. The risk of prostate cancer mortality and cardiovascular mor-
tality of nonmetastatic prostate cancer patients: a population-
based retrospective cohort study. Urol Oncol. 2018;36(6):309.
e15-309.e23.

	35.	 Xu H, Zhang LM, Liu J, Ding GX, Ding Q, Jiang HW. The as-
sociation between overall survival of prostate cancer patients 
and hypertension, hyperglycemia, and overweight in Southern 
China: a prospective cohort study. J Cancer Res Clin Oncol. 
2013;139(6):943-951.

	36.	 McCarthy CG, Goulopoulou S, Webb RC. Paying the toll for in-
flammation. Hypertension. 2019;73(3):514-521.

	37.	 Barrows IR, Ramezani A, Raj DS. Inflammation, immunity, 
and oxidative stress in hypertension-partners in crime? Adv 
Chronic Kidney Dis. 2019;26(2):122-130.

	38.	 Chae CU, Lee RT, Rifai N, Ridker PM. Blood pressure and 
inflammation in apparently healthy men. Hypertension. 
2001;38(3):399-403.

	39.	 Kai H, Kuwahara F, Tokuda K, Imaizumi T. Diastolic dys-
function in hypertensive hearts: roles of perivascular in-
flammation and reactive myocardial fibrosis. Hypertens Res. 
2005;28(6):483-490.

	40.	 Magder S. The meaning of blood pressure. Crit Care. 
2018;22(1):257.

	41.	 Larsen IK. Data quality at the cancer registry of Norway. Eur J 
Cancer. 2009;45:1218-1231.

	42.	 Møller MH, Kristiansen IS, Beisland C, Rørvik J, Støvring 
H. Trends in stage-specific incidence of prostate cancer 
in Norway, 1980–2010: a population-based study. BJU Int. 
2016;118(4):547-555.

	43.	 Wei D, Hou J, Liu X, et al. Interaction between testosterone and 
obesity on hypertension: a population-based cross-sectional 
study. Atherosclerosis. 2021;330:14-21.

	44.	 Torkler S, Wallaschofski H, Baumeister SE, et al. Inverse asso-
ciation between total testosterone concentrations, incident hy-
pertension and blood pressure. Aging Male. 2011;14(3):176-182.

	45.	 Loughlin KR. The testosterone conundrum: the putative rela-
tionship between testosterone levels and prostate cancer. Urol 
Oncol. 2016;34(11):482.e1-482.e4.

SUPPORTING INFORMATION
Additional supporting information may be found in the 
online version of the article at the publisher’s website.

How to cite this article: Stikbakke E, Schirmer H, 
Knutsen T, et al. Systolic and diastolic blood 
pressure, prostate cancer risk, treatment, and 
survival. The PROCA-life study. Cancer Med. 
2021;00:1–11. doi:10.1002/cam4.4523

https://doi.org/10.1002/cam4.4523

