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Prostate cancer (PCa) stage at diagnosis is an important predictor of cancer prognosis. In Canada, over one-quarter of males are
diagnosed with advanced-stage PCa. Studies have identified several factors associated with PCa stage at diagnosis; however,
evidence from Canada is limited. This study aimed to examine associations between sociodemographic characteristics, health
history, health practices, and psychosocial factors and PCa stage at diagnosis among males participating in Alberta’s Tomorrow
Project (ATP), a prospective cohort in Alberta, Canada. The study included males aged 35-69 years who developed PCa until
January 2018. Factors associated with PCa stage at diagnosis were examined using partial proportional odds (PPO) ordinal
regression models. A total of 410 males were diagnosed with PCa over the study period. A higher number of lifetime prostate-
specific antigen tests were associated with earlier-stage PCa (OR 0.91, p=0.02, 95% CI 0.83-0.99), while higher abdominal
circumference (OR 1.02, p=0.05, 95% CI 1.00-1.03), lower social support (OR 2.34, p <0.01, 95% CI 1.31-4.17), and having
children (OR 2.67, p <0.01, 95% CI 1.38-5.16) were associated with later-stage disease. This study identified factors previously
found in the literature as well as novel factors associated with PCa stage at diagnosis, which can help inform targets for cancer
prevention programs to improve PCa prognosis.

1. Introduction

Prostate cancer (PCa) is the most common nonmelanoma
cancer among males in Canada, accounting for 20% of all
cancer cases and 10% of cancer-related deaths [1]. Cancer
stage at diagnosis is a key indicator of cancer prognosis, with

an earlier stage associated with greater treatment options
and overall cancer survival [2]. In Alberta, Canada, the
estimated 5-year relative survival rate among males di-
agnosed with earlier-stage PCa is 99% compared with only
48% among those with a late-stage diagnosis [3]. In 2016,
nearly three-quarters (73%) of PCa cases in Alberta were
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diagnosed at an earlier stage (stage I or II) [3], aligning with
national estimates [2]. However, over one-quarter of PCas
were diagnosed at a late stage [3].

Prostate-specific antigen (PSA) testing was introduced to
detect PCa in its early stages and reduce overall and cancer-
related mortality [4]. However, evidence from several sys-
tematic reviews and meta-analyses of randomized controlled
trials suggests that PSA testing may not effectively reduce all-
cause or PCa-related mortality [5]. In addition, widespread
screening using PSA testing has also led to overdiagnosis of
nonaggressive PCa, leading to unnecessary, and sometimes
harmful, treatment or testing [5]. As such, the Canadian
Task Force on Preventive Health has recommended against
population-based PSA screening among males of all ages [5].

Given current recommendations advising against PSA
testing, identifying factors associated with advanced-stage
PCa is essential to inform cancer prevention strategies.
Previous studies have identified several sociodemographic,
clinical, psychosocial, and health-related factors associated
with PCa stage at diagnosis. For instance, family history of
PCa, high comorbidity, African-American race, and older
age have been associated with late-stage PCa diagnosis
[6-8]. Males of lower socioeconomic positions (e.g., low
income and lower educational level) and those with low
social support and living in social isolation are also at
a higher risk of advanced PCa at diagnosis [8-12]. In
addition, while evidence pertaining to the influence of body
composition and body size on PCa risk remains mixed,
studies have found associations between higher fat mass,
waist circumference, and body mass index (BMI) and
advanced PCa at diagnosis [13, 14]. However, the majority
of these studies were conducted in the United States, with
little evidence from a Canadian context. Given cross-
national differences in healthcare systems and health and
social policies, identification of factors associated with late-
stage PCa among males living in Canada can better inform
Canadian cancer prevention and detection programs [15].
Therefore, the objective of this study was to examine as-
sociations between sociodemographic characteristics,
health history, health practices, and psychosocial factors
and PCa stage at diagnosis using data from Alberta’s To-
morrow Project (ATP), a large prospective cohort in
Alberta, Canada [16, 17].

2. Materials and Methods

2.1. Study Population. ATP is a prospective cohort of 55,000
healthy adults aged 35-69years at enrollment living in
Alberta [16, 18]. Individuals who were previously diagnosed
with any cancer other than nonmelanoma skin cancer were
excluded from enrolling. Participants completed question-
naires at baseline and subsequently every four years, with
31,211 participants completing the Health and Lifestyle
Questionnaire (HLQ), Diet History Questionnaire, and
Physical Activity Questionnaire between 2000 and 2008
[16, 18]. The HLQ domains include sociodemographic
characteristics, health practices, psychosocial variables, and
personal and family health history (Supplementary Materials
(available here)) [16, 18].
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A total of 1,867 males enrolled in ATP were diagnosed
with invasive cancer (excluding nonmelanoma skin cancer)
over the study period, including 585 males diagnosed with
PCa. Inclusion criteria for the current study included male
sex, completion of the HLQ (n =461), and available data on
stage at diagnosis (n=410, n=272 determined by the
American Joint Committee on Cancer (AJCC) 7 ed., and
n=138by AJCC 6 ed.) (Figure 1). Our final sample consisted
of 410 males aged 35-69 years at baseline.

2.2. Outcome and Candidate Explanatory Variables. All PCa
cases diagnosed from enrollment up until January 2018 from
ATP were included in the analysis [16]. Dates of diagnosis
and cancer stage were obtained for all participants who had
consented to an annual linkage with the Alberta Cancer
Registry, a provincial cancer registry mandated to collect
diagnostic and death information for all Albertans di-
agnosed with cancer. PCa stage at diagnosis was defined by
the TNM (tumour, node, and metastasis) staging system,
with cancer stages ranging from stage I (small and con-
tained) to stage IV (metastasized to other tissues) [2]. Due to
the few numbers of males diagnosed in stages III and IV,
they were combined into one group.

We identified candidate explanatory variables based on
significance in the cited literature [8-14] or from novel
variables collected in this study, including sociodemo-
graphic characteristics (e.g., annual household income),
personal and family health history (e.g., self-rated health),
psychosocial factors (e.g., social support), and health
practices (e.g., cancer screening).

2.3. Statistical Analysis. We examined differences in can-
didate explanatory variables across PCa stages using analysis
of variance for continuous variables and chi-square test for
categorical variables. Binary variables were removed if one
category had less than five responses, and categorical vari-
ables were retained with categories combined to increase
subgroup size. Missing data were imputed using mean value
replacement under a missing-at-random assumption for
continuous variables. Missing categorical variables were
replaced by the reference groups. Functional forms of the
continuous variables and the influence of potential outliers
were also assessed.

Since stage at diagnosis is an ordered categorial response
variable (levels I-IV), proportional odds (PO) regression
models were used rather than collapsing stage into two levels
to fit a logistic regression model. This results in two cu-
mulative logits not just one, making comparisons between
stages I vs. I, III and IV, and I, I vs. III and IV for the
association of explanatory variables possible. To overcome
the constraint that the association of explanatory variables
must be the same across every comparison or logit, partial
proportional odds (PPO) models were used.

Variables were evaluated individually in PPO ordinal
response models for association with PCa stage at diagnosis
(p value <0.2), as well as meeting the PO assumption. All
selected explanatory variables were then jointly evaluated in
a multivariable PPO model with additional variables forced
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n = 26,753 Administrative

data linkage

n = 3359 Incident
cancer cases for all

n = 1444 Incident

cancer cases for men

n = 585 prostate
cancer cases

n = 461 prostate
cancer cases
l———~ n = 51 Missing cancer stage

n =410 Complete prostate
cancer stage cases

n = 124 Data not available from
Health and Lifestyle Questionnaire

Ficure 1: PRISMA diagram summarizing participants selection
into the study.

in based on relevance in the literature (e.g., family history of
PCa) or on the conditional variable importance measure
obtained from a random forest analysis (R package partykit,
v1.2-5). Interactions with PCa screening variables were
evaluated with the other explanatory variables in the final
model due to their potential for effect modification.
Model checking was carried out using the available methods
for the binary logistic setting in SAS (version 9.4) because many
diagnostic tools were not implemented for the PPO model.
Analyses were conducted in R (version 4.1.0, R Foundation for
Statistical Computing, Vienna) and SAS version 9.4 (SAS In-
stitute, Cary, NC). Statistical significance was set at p <0.05.

3. Results

Among the 410 males included in this study, most were
diagnosed with PCa at 60 years of age or older (72.7%), had
a college or university education (73.0%), were married or
common-law (86.3%), and were employed (70%) (Table 1).
Most participants had a previous digital rectal exam (88.3%),
while fewer had a previous PSA test (57.6%). Males di-
agnosed with late-stage PCa had fewer digital rectal exams
and PSA tests, although they had a similar age at diagnosis
distribution as males diagnosed at earlier stages. The ma-
jority (81.9%) of males did not have a family history of
prostate cancer. Males tended to be overweight with a me-
dian BMI of 27.7 (quartile 1-quartile 3, 25.5-30.9) and were
past or nonsmokers (88.0%). Over half (58.8%) reported
having no stress at the time of survey completion and nearly
three-quarters (71.5%) reported having 10 or fewer close
friends or relatives who could provide social support.

The distribution of PCa stage at diagnosis was 14.6% at
stage I, 69.0% at stage II, 10.5% at stage III, and 5.9% at stage

IV. The median number of years from study entry to PCa
diagnosis was 7 years (interquartile range: 4-9).

Table 2 summarizes the results of the final multivariable
PPO model. PCa family history was not a significant pre-
dictor of stage at diagnosis (odds ratio (OR) 0.80, p=0.42,
95% CI 0.46-1.38) but was forced into the model. Ab-
dominal circumference was weakly associated with an in-
creased risk of late-stage diagnosis (OR 1.02, p=0.05, 95%
CI 1.00-1.03). Participants with children had more than
double the risk of late-stage PCa than those without children
(OR 2.67, p<0.01, 95% CI 1.38-5.16). Similarly, when
comparing males diagnosed with stages II-IV PCa with those
diagnosed with stage I, those with lower social support
(having 10 or fewer close friends or relatives) had more than
double the risk of late-stage PCa (OR 2.34, p <0.01, 95% CI
1.31-4.17) but not for males diagnosed with stages IIl and IV
versus stages I and II. The number of lifetime PSA tests was
significantly protective against late-stage diagnosis (OR 0.91,
p=0.02, 95% CI 0.83-0.99), whereby for every additional
lifetime PSA test, the odds of late-stage stage decreased by
9% in the PPO model with other variables held constant.

4. Discussion

This study identified both novel (i.e., having children) and
previously identified factors (i.e., PSA testing, social support,
and abdominal circumference) associated with PCa stage at
diagnosis among males participating in a large prospective
cohort study in Alberta, Canada. Among the 410 males who
developed PCa, 16.4% (n=67) were diagnosed with
advanced-stage disease (stage III or IV), closely aligning with
Canadian and Alberta statistics [2, 3]. The number of life-
time PSA tests was the only identified factor protective
against late-stage diagnosis. In contrast, participants with 10
or fewer close friends or relatives, those with children, and
those with a higher abdominal circumference had signifi-
cantly higher odds of late-stage PCa.

This study found that the number of lifetime PSA tests
was associated with earlier-stage PCa diagnoses. It is well
established that PSA testing aids early detection of PCa
[19-24], and similar to our results, findings from longitu-
dinal randomized controlled trials have shown that repeated
PSA testing is associated with a reduced risk of advanced-
stage disease [24] and PCa mortality [25, 26]. For instance,
findings from the Finnish Randomized Study of Screening
for Prostate Cancer found that high-risk PCa incidence was
highest amongst males screened only once, while two and
three PSA screenings were associated with reduced risk of
advanced PCa [24]. However, given the ongoing controversy
regarding the risks and benefits of PSA screening, recom-
mendations for repeated PSA testing must be further ex-
amined and balanced against the risk of PCa overdiagnosis
and overtreatment. Additional PCa screening methods,
implemented alone or in tandem with PSA testing, are being
examined to reduce PCa overdiagnosis [27].

Our finding showed that lower levels of social support
were associated with later-stage PCa diagnosis aligns with
several previous studies [9, 12]. In a principle component
analysis of neighborhood-level predictors of prostate cancer
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TaBLE 2: Predictors of cancer diagnosis at difference stages.

Cancer stage® OR (95% CI) p value

PCa family history

Yes vs. No 0.80 (0.46-1.38) 0.42
Abdominal circumference (cm)® 1.02 (1.00-1.03) 0.05
Number of close friends and relatives you have, social support

>10 1.0

<10 IV and III vs. IT and I 0.85 (0.48-1.50) 0.57

- IV and III and II vs. I 2.34 (1.31-4.17) <0.01
Have any children®

Yes vs. No 2.67 (1.38-5.16) <0.01
Number of lifetime PSA tests 0.91 (0.83-0.99) 0.02

*If specified, refers to partial proportional odds; if no value specified, it is the proportional odds where coefficients are same for stages IV and III vs. Il and I and
IV and IIT and II vs. . >Abdominal circumference was measured at one inch above the navel, even if this was not the usual waistline. “Step or grown children
could be included in having any children response. OR, odds ratio; PCa, prostate cancer; PSA, prostate-specific antigen.

aggressiveness, Lynch et al. [12] identified that males living
alone (OR 1.06, 95% CI 1.01, 1.11) and males older than
65 years living alone in a nonfamily household (OR 1.07,
95% CI 1.02, 1.13) were at a higher risk of aggressive PCa.
Studies have also shown associations between marital status
and a lower risk of metastatic or advanced PCa [28, 29]. The
protective role of social support against advanced cancer
diagnosis has been thought to be attributed to factors such as
an individual’s spouse, other family members, or friends
encouraging cancer screening and regular physician follow-
ups [28]. Marital status has also been associated with factors
such as health practices (e.g., higher levels of physical ac-
tivity) and higher household income, which may be pro-
tective against cancer development and progression [28-30].

Associations between having children and late-stage PCa
diagnosis are not well documented. Several meta-analyses
summarizing population-based case-control and cohort
studies have reported moderate PCa risk reductions for
males without children, ranging from 16% to nearly 20%
[31-33]. A 2016 meta-analysis of 11 studies reported a sig-
nificant reduction in PCa risk for childless males compared
to males who had fathered at least one child; however, the
heterogeneity across these studies was statistically significant
(p<0.001, I” =88.2%) suggesting further exploration of the
association was required [34]. A previous meta-analysis
summarizing 10 population-based case-control and cohort
studies demonstrated no overall association between pa-
rental status and PCa risk [35].

This study found a weak association between abdominal
circumference and increased risk of late-stage diagnosis.
While evidence pertaining to the relationship between
measures of excess body weight, such as BMI and waist
circumference, and PCa risk remains mixed [36, 37], several
studies have shown associations with advanced PCa [38].
The mechanisms underlying the role of excess body weight
in advanced-stage cancer are thought to be due to higher
levels of hormones and growth factors, such as insulin and
leptin, and lower levels of testosterone, which may promote
carcinogenesis [38]. Obesity is also associated with insulin
resistance and low-grade chronic inflammation, further
promoting cancer development [38].

This study addressed the limitations of previous research
by expanding our understanding of the factors associated with
advanced-stage PCa diagnosis among males living in Canada.
We examined the associations between several important
sociodemographic characteristics, psychosocial and health-
related factors, and health practices and PCa stage at diagnosis
using valid and reliable surveys and assessment tools in a large
population-level cohort [39, 40]. Individual participant data
were linked with multiple sources of administrative health
data that have provincial coverage, thereby allowing the si-
multaneous examination of previously identified and novel
factors. By using survey data collected prior to diagnosis,
recall bias was minimized. The use of the PPO regression
model in place of a simple logistic regression model was
another strength, as we identified associations between social
support and having children and PCa stage at diagnosis,
which would have been otherwise missed.

Our study has several limitations including a higher
proportion of ATP participants with postsecondary education
and lower prevalence of daily smoking but a lower proportion
of participants with a healthy BMI, compared to the Alberta
weighted data from the Canadian Community Health Survey
[16]. PSA values obtained over the life course were not
available, and the reasons for males having or not having PSA
tests were lacking. In addition, genetic variant data were not
available that could provide additional insights. Finally, over
90% of ATP participants were of European descent, thus
limiting the generalizability of these results.

5. Conclusion

Using high-quality population-level data, we examined
a number of sociodemographic characteristics, health, and
psychosocial factors associated with PCa stage at diagnosis
in males. Abdominal circumference, having children, and
low social support were significantly associated with late-
stage PCa diagnosis, while the number of lifetime PSA tests
was associated with earlier-stage diagnosis. Identifying
factors associated with PCa stage at diagnosis can help in-
form targets for cancer prevention programs in Canada to
improve PCa prognosis.
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Abbreviations

ATP: Alberta’s Tomorrow Project

AJCC: American Joint Committee on Cancer
BMI: Body mass index

HLQ: Health and Lifestyle Questionnaire
OR:  Odds ratio

PPO: Partial proportional odds

PCa: Prostate cancer

PSA: Prostate-specific antigen

TNM: Tumour, Node, and Metastasis.
Data Availability

Access to individual-level data is available in accordance
with the Health Information Act of Alberta and Alberta’s
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