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Objective: Lifestyle and anthropometric factors may influence prostate cancer (PCa) risk, yet evidence Received 11 February 2026
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Results: Among 298 included men, 143 (48%) were diagnosed with csPCa. In multivariate logistic regres-

sion, higher physical activity, measured by step count (odds ratio [OR]: 0.91, 95% confidence interval [Cl]:

0.82-0.99) and active smoking compared to never-smokers (OR: 0.38, 95% Cl: 0.14-0.96) were inversely

associated with detection of csPCa. Higher prostate-specific antigen density was associated with increased

risk (OR: 1.78,95% Cl: 1.39-2.35). Body composition was not associated with csPCa. Study strengths include

comprehensive data collection. Primary limitation is partial reliance on self-reported data.

Conclusions: Higher measured physical activity was inversely associated with detection of csPCa in men

with suspicion of PCa. Active smoking also showed an inverse association. Both findings merit further

investigation.
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Introduction

Prostate cancer (PCa) is the second most common cancer in
men worldwide, with an estimated 1.47 million new cases
and 397,000 deaths in 2020 [1, 2]. Understanding risk factors is
crucial to improve PCa prevention and optimize screening.
To date, there is no conclusive data supporting specific
preventive measures. Reliable assessment of comorbidities
and life expectancy is essential for PCa screening and manage-
ment, while organized population-based screening programs
are being developed to optimize screening outcomes [3, 4].

Despite its high incidence, PCa has undiscovered details of
etiology and pathogenesis [1, 5]. Established risk factors include
age, race, family history and germline mutations. Lifestyle,
socioeconomic and environmental factors may also influence
PCa risk, but their roles and underlying mechanisms remain
unclear [6].

Diet is one of the most widely studied lifestyle factors. Various
nutrients and food items have been linked to PCa risk, though
findings remain inconsistent [6, 7]. Diet also has a profound
effect on gut microbiota (GM). Physical activity (PA) is reported
to be associated with PCa risk, with higher activity levels linked
to lower mortality [8-10]. Obesity might be associated with
higher-grade PCa [11]. The association between body
composition and PCa risk is unclear, although some evidence
suggests lower risk in men with higher whole-body fat mass
[12]. There appears to be no clear association between sleep
duration and PCa [13]. Most epidemiological studies have found
no association or contradictory results concerning tobacco
smoking and PCa risk [14]. Some studies link smoking to
increased mortality and recurrence risk but also decreased
incidence of PCa [15].

Alterations in GM have been associated with the risk of
various cancers [16]. Our previous findings, along with those of
others, indicate that GM composition differs between PCa
population and non-PCa population, as well as between low-
risk and high-risk PCa groups [17, 18]. There is evidence of GM
contributing to the rate of PCa tumor growth and progression to
castration resistance, with microbial androgen biosynthesis
being a potential carcinogenic pathway [18, 19].

Promic (Prostate Metabolism, Cancer Risk and Gut Microbiota,
NCT06116851) is a single-institution, prospective translational
observational cohort trial investigating the interaction between
GM and PCa carcinogenesis, as well as the influence of lifestyle,
anthropometric factors and germline genetics on GM and PCa.
The objective of the present exploratory report, in addition to a
detailed description of the Promic study, is to report the effect of
lifestyle factors and anthropometrics on the risk of clinically
significant PCa (csPCa, ISUP grade > 1) among men with clinical
suspicion of PCa.

Materials and methods

The trial was carried out at Turku University Hospital, Turku,
Finland. The study protocol was approved by the ethics
committee of the Hospital District of Southwest Finland

(Approval number: 15/1801/2022). The study was conducted in
compliance with the current revision of the Declaration of
Helsinki (75th  WMA General Assembly, Helsinki, Finland,
October 2024).

Specific details of the entire Promic study design and
procedures are described in the Supplementary appendix. Here
we report the associations between lifestyle and anthropometric
factors and csPCa in the cohort of men with clinical suspicion of
PCa based on elevated prostate-specific antigen (PSA) or digital
rectal examination (DRE).

Inclusion criteria included: age > 18 years, ability to comply
with study procedures, signed informed consent and clinical
suspicion of PCa (elevated PSA [> 2.5 ng/mL], abnormal DRE or
image findings suggestive of PCa).

Study subjects were identified after referral to the Turku
University Hospital Department of Urology based on clinical
suspicion of PCa. All consecutive patients were assessed for
eligibility during the study period without any specific selection
criteria. At the screening visit, participants who provided written
informed consent underwent study procedures, beginning with
detailed questionnaires covering medical history, medications,
family cancer history, socioeconomic status and lifestyle factors
- including diet assessed by the validated Index of Diet Quality
(IDQ) questionnaire [20], score =10/15 indicating a good dietary
quality (i.e. health-promoting diet), PA, sleep, bowel function,
smoking, alcohol use, and endocrinological markers (e.g.
baldness, ring-to-middle finger length ratio and acne history)
(Supplementary Appendix 2.2). Anthropometric measurements
(height, weight, body mass index [BMI] and waist circumference)
were recorded by the investigator.

For PA recording, subjects were instructed and equipped
with a triaxial UKK RM42 accelerometer (UKK Terveyspalvelut Oy,
Tampere, Finland). The recording was carried out for 7 days.
During waking hours, the device was worn on a hip-mounted
belt, and at bedtime it was transferred to a wristband. From the
comprehensive PA data, for this study we used steps and
duration of moderate and vigorous PA (MVPA) as measures of PA
[21]. Subjects completed a detailed PA questionnaire and
maintained asleep diaryforthetime they wore the accelerometer
(Supplementary appendices 2.5,2.2.3,2.2.4).

Subjects underwent magnetic resonance imaging (MRI),
including both biparametric prostate and body MRI
examinations in the same session. We have reported the details
of the prostate scan previously [22-24]. Classification of MRI
lesions was performed using Prostate Imaging Reporting and
Data System version 2.1 (PI-RADS v2.1) criteria [25]. For body
composition analyses, Dixon MRI of the abdomen (from cranial
dome of liver to cranial end of caput femoris) and the scans were
utilized to analyze visceral adipose tissue volume (VAT),
subcutaneous adipose tissue volume (SAT) and muscle volume
(MUS) normalized by the length of the abdominal cavity, as well
as liver fat content (LFC) (Supplementary appendix 2.4).

After prostate MRI, subjects underwent standard clinical PCa
diagnostics, including DRE, laboratory tests (PSA, testosterone)
and transrectal ultrasound (TRUS). After shared decision-
making, men who underwent prostate biopsies comprised the
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final study population. Biopsies consisted of systematic TRUS-
guided 12-core biopsies with additional cognitive targeted
biopsies of suspicious MRI lesions (PI-RADS v2.1 score 3-5).
Biopsy samples were assessed by an experienced uro-
pathologist using the 2014 International Society of Urological
Pathology Modified Gleason Grading System [26]. PCa patients
were stratified using modified European Association of Urology
(EAU) risk groups, with MRI-detected extraprostatic extension
(EPE) classified as high-risk regardless of clinical tumor staging
by DRE [27].

Associations between the csPCa and variables (age, BMI, PSA,
free PSA percentage [fPSA], prostate volume, PSA density,
testosterone, 5-alpha-reductase inhibitor [5-ARI] medication,
MVPA, steps, sleep, SAT, VAT, MUS, LFC, diet, smoking, family
history of PCa and acne) were summarized with descriptive
statistics and studied one by one with Wilcoxon rank sum test
for continuous variables and for categorical variables Pearson’s
Chi-squared test or Fisher’s exact test were used depending on
the cell counts. Associations between csPCa and explanatory
variables were assessed using binomial logistic regression. The
modelincluded clinically relevant variables and those significant
in univariate analysis, with variable selection guided by the
Akaike Information Criterion (AIC) and Bayesian Information
Criterion (BIC) to identify the most contributory predictors and
minimize overfitting. Multicollinearity was observed among
prostate-related variables, from which PSA density, the most

Screened for eligibility
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clinically relevant, was retained. Lifestyle factors, anthropometric
measures, and 5-ARI medication use were also included in the
final model. Odds ratios (OR) with 95% confidence intervals
(95% Cl) were reported.

The normality of variables was evaluated visually and tested
with the Shapiro-Wilk test. Due to the non-normality of the
continuous variables, nonparametric methods were used. The
statistical significance level was set at 0.05 in all tests (two-
tailed), and 95% Cl was calculated. The analyses were performed
using RStudio, version 2024.04.2 based on R, version 4.4.1.

Results

Between May 2022 and December 2023, a total of 384 patients
were screened for eligibility, and 336 were enrolled in the study
at Turku University Hospital, Turku, Finland. The study flowchart
is presented in Figure 1. Initially, 336 subjects consented. After
one consent withdrawal, two subjects declining biopsies, and
35 patients who decided, after shared decision-making, not to
undergo prostate biopsies, a total of 298 subjects were included
in the analysis. Eight patients were deemed not eligible prior
to consent due to language barriers, inability to establish
contact, geographical distance, advanced comorbidities or
contraindications to MRI. The 35 participants did not undergo
biopsy following shared decision-making due to low estimated
risk of clinically significant PCa based on MRI, PSA and

Not eligible, N=8

Declined participation, N=40

Consent withdrawal, N=1

Shared decision, no biopsies, N=35

Declined biopsies, N=2

N=384
Consented
N=336
\
\
no MRI MRI
N=3 N=332
[
|
Biopsies
N=298
Clinically (_3[|n_|<_:all.y
. L significant
Benign insignificant (ISUP 2-5)
N=117 (ISUP 1) PCa
N=38 PCa
N=143

Figure 1. Flowchart of the study population. MRI: magnetic resonance imaging; ISUP: International Society of Urological Pathology (ISUP) 2014 grade

system; PCa: prostate cancer.
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PSA density, or due to significant comorbidities or reduced
performance status.

Table 1 describes basic characteristics of the study population.
The cohort represents a demographically traditional group of
Caucasian men with PCa suspicion. Table 2 describes prostate
biopsy findings and tumor staging. 181 (61%) men were
diagnosed with any PCa and 143 (48%) with csPCa.

Univariate and multivariate analyses of the association
between variables and csPCa are presented in Table 3. Of the
clinical variables, increased age (p < 0.001), higher PSA density
(p<0.001), lower free PSA percentage (p < 0.001), lower prostate
volume (p < 0.001) and 5-ARI medication (p = 0.033) were
significantly associated with increased risk of csPCa diagnosis in
univariate analysis. For lifestyle factors, higher daily step count
(p < 0.001), smoking (p = 0.039), shorter nightly sleep duration
(p = 0.044) and non-health-promoting diet (p = 0.047) were
significantly associated with decreased risk of csPCa diagnosis in
univariate analysis. Body composition measurements were not
associated with csPCa.

In multivariate analysis, higher PA, measured by daily step
count (OR: 0.91, 95% Cl: 0.82-0.99), and active smoking
compared to never-smokers (OR: 0.38, 95% Cl: 0.14-0.96) were
associated with lower risk of csPCa diagnosis. Higher PSA density
was associated with higher risk (OR: 1.78, 95% Cl: 1.39-2.35).

Table 1. Baseline characteristics of the study population. Data presented as
median (interquartile range) or frequency (percentage).

Characteristic N =298
Clinical variables

Age (year) 67 (62,73)
BMI (kg/m?) 27.4(24.8,30.8)
PSA (ug/L) 8.0(5.8,11.0)
Free PSA (%) 14.3(10.6, 19.0)
Prostate volume (mL) 41 (30, 55)
PSA density (ug/L/cm3) 0.15(0.10, 0.21)
Testosterone (ug/L) 14(10.0, 18.0)
5-ARI 41 (14%)
Physical activity and anthropometrics

Moderate and vigorous physical activity (MVPA) (h/week)  1.99 (0.55, 4.23)
Steps (/day) 4,627 (2,720, 6,961)
Sleep (h/night) 6.40 (5.40, 7.30)

1,603 (1,265, 2,037)
1,487 (954, 1,910)
1,460 (1,297, 1,627)

Subcutaneous adipose tissue volume (SAT) (cm3/cm)*
Visceral adipose tissue volume (VAT) (cm3/cm)*
Muscle volume (cm3/cm)*

Liver fat content (%)* 6.4 (4.4,9.8)

Lifestyle factors

Diet Health-promoting 153 (51%)
Non-health-promoting 145 (49%)

Smoking Never 130 (44%)
Former 124 (42%)
Active 43 (14%)

Family history of prostate cancer 60 (20%)

Acne Never 198 (67%)
Teenage 90 (31%)
Adulthood 6 (2%)

BMI: body mass index; PSA: prostate-specific antigen; 5-ARIl: 5-alpha-
reductase inhibitor.

*MRI-based anthropometric measurements of the abdominal region.

In multivariate analysis, steps were scaled per 1,000 steps
(steps/1,000), and PSA density was scaled per 0.1 units (tenths)
to improve interpretability of OR and 95% Cl.

We conducted an exploratory sensitivity analysis comparing
subjects with any PCa to subjects with benign histopathology.
Univariate and multivariate analyses of the association between
variables and PCa are presented in Supplementary Table 1
(Supplementary Appendix 2.6).

Discussion

The objective of the present study was to examine the associa-
tions between lifestyle and anthropometric factors and csPCa
in men with clinical suspicion of PCa. Consistent with common
practice, we defined csPCa as ISUP Grade Group > 2.
Consequently, the non-csPCa group consisted of patients with
benign histology or ISUP Grade Group 1 disease. The main find-
ing was that a higher level of objectively measured PA, in the
form of daily steps, was independently and inversely associ-
ated with detection of csPCa. To our knowledge, this is the first
study to evaluate the association between objectively
measured PA and PCa risk, and the largest to date to evaluate
the association between MRI-based body composition and
PCa risk.

In our study, objectively measured PA, in the form of higher
daily step count, significantly decreased risk of csPCa diagnosis
with OR of 0.91 (95% Cl: 0.82-0.99) per 1,000 steps. Median daily
step count was 3,993 in the csPCa group and 5,105 in no csPCa
group. While the association was statistically significant, the
observed association was modest. However, the 28% difference
(1,112 step difference in median daily steps) between groups
suggests a potentially meaningful difference in habitual PA. This
notion is supported by a recent umbrella review of systematic
reviews and meta-analyses, which reported that an increase of
500-1,000 daily steps was associated with lower all-cause
mortality and lower risk of cardiovascular events [28]. Higher PA
has been associated with lower risk of PCa-specific mortality
and longer cancer-free survival [8-10]. The methodology for
measuring PA varies, with many studies relying on reported
recreational and leisure time activity. We used an exact and
objective accelerometer for measuring PA. Subjects were
advised to maintain their normal level of PA during the
measurement period. Thus, we can assume that the
results represent study subjects’ general level of activity.

Table 2. Prostate biopsy results of the study population and tumor staging
of men with prostate cancer.

Prostate biopsy ~ Allmen (N=298)  EAU risk group PCa (N=181)
results

Benign 117 (39%) Low risk 26 (14%)
ISUP grade 1 38 (13%) Intermediate risk 84 (46%)
ISUP grade 2 70 (23%) High risk 71 (39%)
ISUP grade 3 29 (10%)

ISUP grade 4 13 (4%)

ISUP grade 5 31 (10%)

ISUP: International Society of Urological Pathology (ISUP) 2014 grade system;
EAU: European Association of Urology; PCa: Prostate cancer.
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Table 3. Univariate and multivariate analyses of the association between variables and clinically significant prostate cancer.

Characteristic Univariate Multivariate
No csPCa (N =155) csPCa (N =143) p' OR? 95% CI? p?
Clinical variables
Age (year) 65 (60, 70) 69 (63, 75) < 0.001 1.04 1.00, 1.09 0.075
BMI (kg/mz) 27.4(25.0,30.7) 27.1(24.7,31.1) 0.893 1.01 0.95,1.08 0.706
PSA (ug/L) 7.6(5.7,10.0) 8.3(6.0,11.0) 0.072
Free PSA (%) 16.0(12.0, 20.0) 12.2(8.8,16.7) <0.001
Prostate volume (cm?) 48 (35,61) 33 (26, 45) <0.001
PSA density (ug/L/cm?)* 0.13(0.09,0.17) 0.19(0.13,0.28) < 0.001 1.78 1.39,2.35 < 0.001
Testosterone (ug/L) 13.5(10.0, 18.0) 14.0 (10.0, 18.0) 0.613
5-ARI 15 (9.7%) 26 (18%) 0.033 1.44 0.66, 3.19 0.368
Physical activity and anthropometrics
MVPA (h/week) 2.44(0.78,4.72) 1.59(0.38,3.81) 0.052
Steps (/day)** 5,105 (3,242, 7,566) 3,993 (2,117,6,022) <0.001 0.91 0.82,0.99 0.041
Sleep (h/night) 6.25(5.30,7.10) 6.70 (5.50, 7.60) 0.044 1.16 0.99,1.37 0.072
SAT (cm?/cm) 1,646 (1,322, 2,022) 1,506 (1,206, 2,068) 0.486
VAT (cm3/cm) 1,525 (1,013, 1,888) 14,49 (835, 1,949) 0.517
Muscle volume (cm3/cm) 1,489 (1,349, 1,625) 1,430 (1,255, 1,629) 0.087
Liver fat content (%) 6.6 (4.7,9.5) 6.3(4.2,10.3) 0.542
Lifestyle factors
Diet 0.047
Health-promoting 71 (46%) 82 (57%) ref ref -
Non-health-promoting 84 (54%) 61 (43%) 0.59 0.34,1.02 0.058
Smoking 0.039
Never 66 (43%) 64 (45%) ref ref -
Former 59 (38%) 65 (46%) 1.03 0.59, 1.81 0.920
Active 30 (19%) 13 (9.2%) 0.38 0.14,0.96 0.046
Family history of PCa 29 (19%) 31 (22%) 0.5 1.94 0.99, 3.88 0.056
Acne 0.12
Never 95 (62%) 103 (73%)
Teenage 54 (35%) 36 (26%)
Adulthood 4 (2.6%) 2(1.4%)

OR: odds ratio; Cl: confidence interval; csPCa: clinically significant prostate cancer; BMI: body mass index; PSA: prostate-specific antigen; 5-ARI: 5-alpha-
reductase inhibitor; MVPA: Moderate and vigorous physical activity; SAT: subcutaneous adipose tissue volume of the abdominal region; VAT: visceral adipose

tissue volume of the abdominal region; PCa: Prostate cancer.
Data presented as median (interquartile range) or frequency (percentage).

"Wilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s exact test, 2Binomial logistic regression model.

*In multivariate analysis, PSA density is scaled per 0.1 units (tenths) to enhance interpretability of OR and 95% Cl.

**In multivariate analysis, steps are scaled per 1,000 steps (steps/1,000) to improve interpretability of OR and 95% Cl.

Continuous 24-h monitoring of PA over a 7-day period is a
widely accepted standard in both population-based and clinical
research.

According to our results, active smoking compared to
never-smokers was associated with decreased risk of csPCa
diagnosis with OR of 0.38 (95% Cl: 0.14-0.96) in multivariate
analysis. This finding requires cautious interpretation.
Although PCa is not traditionally considered a smoking-
associated cancer, this finding was surprising and may
represent selection bias rather than a true inverse association,
potentially caused by differences in PSA testing between
smokers and non-smokers. Results from previous studies
range in both magnitude and direction, with many finding no
association between smoking and PCa risk [29, 31]. Previous
observational prospective cohort studies suggest that
smoking has an inverse association with PCa incidence but is
also associated with higher PCa-specific mortality [30, 32].

When analyzed in cohorts of men with PCa without healthy
controls, current smoking at the time of diagnosis has been
associated with increased PCa-specific mortality and
recurrence, whereas mortality was not increased among
former smokers [33]. We did not find an association between
former smoking and csPCa risk.

When survey-based diet information was analyzed, a trend
toward an association between poorer dietary quality and
reduced risk of csPCa diagnosis was observed. However, this
finding was not statistically significant in multivariable analysis
and should therefore be interpreted cautiously. The association
may reflect residual confounding or reverse causality. The
literature suggests that diet has an impact on PCa risk, but the
results are not well established. A plant-based or vegetarian diet
might decrease PCa risk, and a meta-analysis suggests that a
diet rich in anti-inflammatory food components (i.e. whole
grains, fish, green vegetables, and fruits) reduces PCa risk [11].
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Nutritional science has challenges in capturing details of the
diet, as complete food diaries are challenging to conduct and
objective measurement of diet details is not always captured,
due to, for example, under/overreporting, except in studies with
a specific provided diet. The survey used in our study, IDQ,
describes the overall nutritional quality of the diet and is
informative when studying general dietary associations on a
large scale but does not provide information about single foods
or nutrients. Additionally, nutrition is considered health-
beneficial; for example, fish may have high concentrations of
environmental pollutants. Even if a validated instrument is used,
reverse causality cannot be excluded.

We used MRI analyses to capture body composition data, and
the approach is one of the most accurate. Our results did not
show an association between body composition measurements
and c¢sPCa. A systematic review of 13 observational studies
reported inconsistent results, with modest evidence suggesting
that higher body fat mass is associated with lower PCa risk but
higher risk of advanced PCa [12]. Modest evidence also
suggested that a larger amount of abdominal adipose tissue
may increase PCa risk. Only one study used MRI for measuring
body composition and only analyzed visceral adipose tissue. To
our knowledge, our study is the largest to date prospectively
investigating the association between MRI-based body
composition and PCa.

A sensitivity analysis comparing subjects with any PCa to
subjects with benign histopathology was conducted to help the
interpretation of the results. The effect estimates were
comparable to the primary analysis, but the associations
between step count, active smoking and PCa did not reach
statistical significance. This suggests that the factors may be
more closely associated with csPCa. This observation is
consistent with the customary use of csPCa as the primary
outcome in contemporary research and clinical practice.

A key limitation of our study is that the cohort consists of
men with clinical suspicion of PCa, drawn from a single Finnish
institution with predominantly Caucasian men, potentially
limiting the generalizability of the findings to populations of
men with no clinical suspicion of PCa or diverse ethnic
backgrounds and differences in PCa screening and diagnostic
practices. On the other hand, our control patients are biopsy-
confirmed to be free of PCa and therefore constitute a reliable
benign cohort. The relatively small sample size for an association
study evaluating multiple lifestyle factors is also a limitation, as
it may have limited statistical power for the analyses and
increased the uncertainty of the associations. A limitation of our
study is also that, although some lifestyle variables were
objectively collected, some were survey-based. On the other
hand, qualitative measurement of those factors, such as diet, is
extremely challenging. When investigating lifestyle factors,
there is a possibility of selection bias, as men with health-
promoting behavior may be more likely to seek healthcare
servicesand enter the PCa diagnostic pathway. Mostimportantly,
as we surveyed and collected measurable data at the time of
suspicion of PCa, it is likely that important factors affecting the
initiation of carcinogenesis are not captured. The most

challengingissuewhenfactorsrelated to prostate carcinogenesis
are studied is that many lifestyle factors and, for example, body
composition change over time. We do not know when individual
tumors arise and when lifestyle factors affect carcinogenesis.
Likely, some factors are associated with promotion of initial
tumorigenesis and others with later tumor progression. We feel
that this is an important topic to study, as it is known that in
cohorts with different lifestyles and environments, most men
are found with indolent PCa, but there is great variation in the
incidence of csPCa. In Promic study, we hypothesize that
alteration in GM composition and its metabolic products is one
of the main mechanisms mediating lifestyle and environmental
factors to PCa risk, and this will be investigated in our future
reports. The strengths of the study included meticulous
data collection with carefully selected validated surveys and,

whenever possible, objective measures using novel
technologies, providing detailed high-quality data.
We report associations between lifestyle factors,

anthropometrics, and csPCa in men with clinical suspicion of
PCa.In our cohort of men with clinical suspicion of PCa, increased
PA measured by daily step count was inversely associated with
detection of csPCa.
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