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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 identifed several factors associated with PCa stage at diagnosis; however,
evidence from Canada is limited. Tis 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. Te 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-
specifc 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. Tis study identifed 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-specifc 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 andmeta-analyses of randomized controlled
trials suggests that PSA testingmay not efectively 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 amongmales 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 identifed 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 infuence 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 diferences in healthcare systems and health and
social policies, identifcation of factors associated with late-
stage PCa among males living in Canada can better inform
Canadian cancer prevention and detection programs [15].
Terefore, 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 35–69 years 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]. Te HLQ domains include sociodemographic
characteristics, health practices, psychosocial variables, and
personal and family health history (SupplementaryMaterials
(available here)) [16, 18].

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= 138 by AJCC 6 ed.) (Figure 1). Our fnal 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 defned 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 identifed candidate explanatory variables based on
signifcance 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 diferences 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 fve 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 infuence 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 ft a logistic regression model. Tis results in two cu-
mulative logits not just one, making comparisons between
stages I vs. II, III and IV, and I, II 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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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 fnal
model due to their potential for efect modifcation.

Model checkingwas carried out using the availablemethods
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 signifcance 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. Te 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.

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

Table 2 summarizes the results of the fnal multivariable
PPO model. PCa family history was not a signifcant 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
comparingmales 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 III and IV
versus stages I and II. Te number of lifetime PSA tests was
signifcantly 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

Tis study identifed both novel (i.e., having children) and
previously identifed 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]. Te number of life-
time PSA tests was the only identifed 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 signif-
cantly higher odds of late-stage PCa.

Tis 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, fndings 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,
fndings 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 benefts 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 fnding 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

n = 585 prostate
cancer cases

n = 124 Data not available from
Health and Lifestyle Questionnaire

n = 3359 Incident
cancer cases for all

n = 410 Complete prostate
cancer stage cases 

n = 51 Missing cancer stage

n = 26,753 Administrative
data linkage

n = 461 prostate
cancer cases

n = 1444 Incident
cancer cases for men

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

Prostate Cancer 3



Ta
bl

e
1:

C
ha
ra
ct
er
ist
ic
s
of

A
lb
er
ta
’s
To

m
or
ro
w

Pr
oj
ec
t’s

m
al
e
pa
rt
ic
ip
an
ts

di
ag
no

se
d
w
ith

pr
os
ta
te

ca
nc
er
,s
tr
at
if
ed

by
ca
nc
er

st
ag
e
at

di
ag
no

sis
(n

�
41
0)
.

C
ha
ra
ct
er
ist
ic
s

St
ag
e
I
(n

�
60
)

n
(%

)
St
ag
e
II

(n
�
28
3)

n
(%

)
St
ag
e
II
I
an
d
IV

(n
�
67
)

n
(%

)
To

ta
l(
n

�
41
0)

n
(%

)
A
ge

at
ba
se
lin

e
(y
ea
rs
)

<5
0

11
(2
.7
)

42
(1
0.
2)

15
(3
.7
)

68
(1
6.
6)

50
–5

9
28

(6
.8
)

11
9
(2
9.
0)

27
(6
.6
)

17
4
(4
2.
4)

60
+

21
(5
.1
)

12
2
(2
9.
8)

25
(6
.1
)

16
8
(4
1.
0)

A
ge

at
di
ag
no

sis
(y
ea
rs
)

<6
0

15
(3
.7
)

80
(1
9.
6)

17
(4
.1
)

11
2
(2
7.
3)

60
–6

9
31

(7
.6
)

13
6
(3
3.
2)

32
(7
.8
)

19
9
(4
8.
5)

70
+

14
(3
.4
)

67
(1
6.
3)

18
(4
.4
)

99
(2
4.
2)

Ed
uc
at
io
n

H
ig
h
sc
ho

ol
di
pl
om

a
14

(3
.4
)

79
(1
9.
3)

18
(4
.4
)

11
1
(2
7.
1)

C
ol
le
ge

30
(7
.3
)

13
3
(3
2.
4)

32
(7
.8
)

19
5
(4
7.
6)

U
ni
ve
rs
ity

de
gr
ee

16
(3
.9
)

71
(1
7.
3)

17
(4
.2
)

10
4
(2
5.
4)

M
ar
ri
ed

or
co
m
m
on

-la
w

Ye
s

49
(1
2.
0)

24
7
(6
0.
2)

58
(1
4.
2)

35
4
(8
6.
3)

N
o

11
(2
.7
)

36
(8
.8
)

−
(2
.2
)

56
(1
3.
7)

Em
pl
oy
m
en
t

Ye
s

44
(1
0.
7)

19
8
(4
8.
2)

45
(1
1.
0)

28
7
(7
0.
0)

N
o

16
(3
.9
)

85
(2
0.
7)

22
(5
.4
)

12
3
(3
0.
0)

H
ou

se
ho

ld
in
co
m
e
($
)

<5
0
K

12
(2
.9
)

79
(1
9.
3)

20
(4
.5
)

11
1
(2
7.
1)

50
–1
00

K
38

(9
.3
)

13
0
(3
1.
8)

30
(7
.3
)

19
8
(4
8.
8)

>1
00

K
10

(2
.4
)

73
(1
7.
9)

17
(4
.2
)

10
0
(2
4.
5)

G
eo
gr
ap
hy

re
sid

en
ce

Ru
ra
l

16
(3
.9
)

68
(1
6.
6)

23
(5
.6
)

10
7
(2
6.
1)

U
rb
an

44
(1
0.
7)

21
5
(5
2.
4)

44
(1
0.
7)

30
3
(7
3.
9)

Fi
rs
t
de
gr
ee

PC
a
fa
m
ily

hi
st
or
y

Ye
s

11
(2
.7
)

55
(1
3.
4)

−
(2
.0
)

74
(1
8.
1)

N
o

49
(1
2.
0)

22
8
(5
5.
6)

59
(1
4.
4)

33
6
(8
1.
9)

H
av
e
ev
er

ha
d
a
di
gi
ta
lr
ec
ta
le

xa
m

Ye
s

52
(1
2.
7)

25
1
(6
1.
2)

59
(1
4.
4)

36
2
(8
8.
3)

N
o

−
(2
.0
)

32
(7
.8
)

−
(2
.0
)

48
(1
1.
7)

H
av
e
ev
er

ha
d
a
PS

A
te
st

Ye
s

40
(9
.8
)

16
0
(3
9.
0)

36
(8
.8
)

23
6
(5
7.
6)

N
o

29
(4
.9
)

12
3
(3
0.
0)

31
(7
.6
)

17
4
(4
2.
4)

H
av
e
ev
er

ha
d
a
bl
oo

d
st
oo

lt
es
t

Ye
s

29
(7
.1
)

10
0
(2
4.
4)

26
(6
.3
)

15
5
(3
7.
8)

N
o

31
(7
.6
)

18
3
(4
4.
6)

41
(1
0.
0)

25
5
(6
2.
2)

H
av
e
ev
er

ha
d
a
sig

m
oi
do

sc
op

y
or

co
lo
no

sc
op

y
Ye

s
18

(4
.4
)

70
(1
7.
1)

15
(3
.7
)

10
3
(2
5.
1)

N
o

42
(1
0.
2)

21
3
(5
2.
0)

52
(1
2.
7)

30
7
(7
4.
9)

C
an
ce
r
gr
ad
e∗
∗

1
29

(7
.1
)

16
(3
.9
)

0
(0
)

45
(1
1.
0)

2
30

(7
.3
)

12
6
(3
0.
7)

14
(3
.4
)

17
0
(4
1.
5)

4 Prostate Cancer



Ta
bl

e
1:

C
on

tin
ue
d.

C
ha
ra
ct
er
ist
ic
s

St
ag
e
I
(n

�
60
)

n
(%

)
St
ag
e
II

(n
�
28
3)

n
(%

)
St
ag
e
II
I
an
d
IV

(n
�
67
)

n
(%

)
To

ta
l(
n

�
41
0)

n
(%

)
3

0
(0
)

13
8
(3
3.
7)

50
(1
2.
2)

18
8
(4
5.
9)

G
le
as
on

sc
or
e∗
∗

6
58

(1
4.
2)

46
(1
1.
2)

−
(0
.2
)

10
5
(2
5.
6)

7
0
(0
)

93
(2
2.
7)

25
(6
.1
)

11
8
(2
8.
8)

8
0
(0
)

15
(3
.7
)

−
(1
.7
)

22
(5
.4
)

9
0
(0
)

−
(1
.7
)

11
(2
.7
)

18
(4
.4
)

10
0
(0
)

0
(0
)

−
(0
.5
)

−
(0
.5
)

N
A

−
(0
.5
)

12
2
(2
9.
8)

21
(5
.1
)

14
5
(3
5.
4)

Ty
pe

of
sm

ok
er

N
on

sm
ok

er
29

(7
.1
)

11
3
(2
7.
6)

25
(6
.1
)

16
7
(4
0.
7)

Pa
st

sm
ok

er
26

(6
.3
)

13
4
(3
2.
7)

34
(8
.3
)

19
4
(4
7.
3)

C
ur
re
nt

sm
ok

er
−
(1
.2
)

36
(8
.8
)

−
(2
.0
)

49
(1
2.
0)

Ti
m
e
sp
en
t
in

th
e
su
n
11

am
–4

pm
in

Ju
ne
–A

ug
us
t(
ho

ur
s)

<1
48

(1
1.
7)

20
5
(5
0.
0)

51
(1
2.
4)

30
4
(7
4.
2)

≥1
12

(2
.9
)

78
(1
9.
0)

16
(3
.9
)

10
6
(2
5.
9)

A
ny

st
re
ss
fu
ls
itu

at
io
ns

N
on

e
36

(8
.8
)

16
6
(4
0.
5)

39
(9
.5
)

24
1
(5
8.
8)

≥1
24

(5
.8
)

11
7
(2
8.
5)

28
(6
.8
)

16
9
(4
1.
2)

N
um

be
r
of

cl
os
e
fr
ie
nd

s
an
d
re
la
tiv

es
yo
u
ha
ve
,s
oc
ia
ls
up

po
rt
∗

≤1
0

34
(8
.3
)

21
3
(5
2.
0)

46
(1
1.
2)

29
3
(7
1.
5)

>1
0

26
(6
.3
)

70
(1
7.
1)

21
(5
.1
)

11
7
(2
8.
5)

H
av
e
an
y
ch
ild

re
n∗

Ye
s

48
(1
1.
7)

25
1
(6
1.
2)

64
(1
5.
6)

36
3
(8
8.
5)

N
o

12
(2
.9
)

32
(7
.8
)

−
(0
.7
)

47
(1
1.
5)

M
ed
ia
n
(Q

1–
Q
3)

M
ed
ia
n
(Q

1–
Q
3)

M
ed
ia
n
(Q

1–
Q
3)

M
ed
ia
n
(Q

1–
Q
3)

A
ge

at
ba
se
lin

e
(y
ea
rs
)

56
(5
0–

63
)

58
(5
3–

63
)

57
(5
0–

63
)

57
(5
2–

63
)

D
ist
an
ce

to
he
al
th

ce
nt
re

by
a
ve
hi
cl
e
(m

in
ut
es
)

9
(4
–1
6)

8
(4
–1
4)

7
(3
–1
3)

8
(4
–1
4)

C
om

or
bi
di
ty

in
de
x

0
(0
-1
)

0
(0
-1
)

0
(0
-1
)

0
(0
-1
)

N
um

be
r
of

di
gi
ta
lr
ec
ta
le

xa
m

in
lif
et
im

e
4
(2
–6

)
4
(2
–1
0)

3
(1
–8

)
4
(2
–8

)
N
um

be
r
of

PS
A

bl
oo

d
te
st
s
in

lif
et
im

e∗
1
(0
–4

)
1
(0
–3

)
0
(0
–2

)
1
(0
–3

)
To

ta
lr
ec
re
at
io
na
lp

hy
sic

al
ac
tiv

ity
(M

ET
ho

ur
s/
w
ee
k)

23
.3

(4
.9
–3

9.
9)

24
.3

(1
0.
7–

35
.6
)

24
.9

(1
3.
5–

36
.0
)

24
.9

(1
0.
2–

36
.1
)

Bo
dy

m
as
s
in
de
x
(k
g/
m

2 )
26
.7

(2
4.
6–

30
.0
)

27
.8

(2
5.
6–

30
.9
)

28
.0

(2
6.
3–

30
.9
)

27
.7

(2
5.
5–

30
.9
)

A
bd

om
in
al

ci
rc
um

fe
re
nc
e
(c
m
)

96
.5

(9
0.
4–
10
8.
0)

10
1.
8
(9
4.
9–
11
0.
5)

10
1.
6
(9
6.
0–
11
3.
0)

10
1.
6
(9
4.
0–
11
0.
5)

To
ta
ld

ie
ta
ry

ca
lo
ri
c
in
ta
ke

(k
ca
l/d

ay
)

19
31

(1
46
9–

22
39
)

19
31

(1
52
2–

24
69
)

19
31

(1
51
0–

22
67
)

19
31

(1
50
5–

23
07
)

To
ta
la

lc
oh

ol
in
ta
ke

(g
/d
ay
)

6.
5
(1
.7
–1
3.
8)

7.
2
(1
.8
–1
5.
7)

6.
7
(1
.9
–1
5.
7)

7.
1
(1
.8
–1
5.
7)

Si
gn

if
ca
nt

at
∗
p
<
0.
05
,∗
∗
p
<
0.
01
.“

−
”i
nd

ic
at
es

nu
m
be
rw

as
<1

0
so

ce
ll
en
tr
y
su
pp

re
ss
ed
.C

om
or
bi
di
ty
in
de
x:
ra
ng

e
(0
–7

).
T

e
ra
ng

e
of

th
e
sc
or
e
of

so
m
eo
ne

to
ta
ke

yo
u
to

do
ct
or

if
yo
u
ne
ed
ed

it:
1:
no

ne
of

th
e

tim
e,
2:
a
lit
tle

of
th
e
tim

e,
3:
so
m
e
of

th
e
tim

e,
4:
m
os
to

ft
he

tim
e,
an
d
5:
al
lo
ft
he

tim
e.
A
bd

om
in
al
ci
rc
um

fe
re
nc
e
w
as

m
ea
su
re
d
at
on

e
in
ch

ab
ov
e
th
e
na
ve
l,
ev
en

if
th
is
w
as

no
tt
he

us
ua
lw

ai
st
lin

e.
PC

a,
pr
os
ta
te

ca
nc
er
;P

SA
,p

ro
st
at
e-
sp
ec
if
c
an
tig

en
.

Prostate Cancer 5



aggressiveness, Lynch et al. [12] identifed 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]. Te
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-
nifcant 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 signifcant
(p< 0.001, I2 � 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].

Tis 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].
Te 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 infammation, further
promoting cancer development [38].

Tis 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 identifed and novel
factors. By using survey data collected prior to diagnosis,
recall bias was minimized. Te use of the PPO regression
model in place of a simple logistic regression model was
another strength, as we identifed 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 signifcantly 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.

Table 2: Predictors of cancer diagnosis at diference stages.

Cancer stagea OR (95% CI) p value
PCa family history
Yes vs. No 0.80 (0.46–1.38) 0.42

Abdominal circumference (cm)b 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. II 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 childrenc

Yes vs. No 2.67 (1.38–5.16) <0.01
Number of lifetime PSA tests 0.91 (0.83–0.99) 0.02
aIf specifed, refers to partial proportional odds; if no value specifed, it is the proportional odds where coefcients are same for stages IV and III vs. II and I and
IV and III and II vs. I. bAbdominal circumference was measured at one inch above the navel, even if this was not the usual waistline. cStep or grown children
could be included in having any children response. OR, odds ratio; PCa, prostate cancer; PSA, prostate-specifc antigen.

6 Prostate Cancer



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-specifc 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
Tomorrow Project (ATP) Access Guidelines at https://
myatpresearch.ca/DataAccess. Cancer registry data were
obtained through linkage with Surveillance and
Reporting, Cancer Research and Analytics, Cancer Care
Alberta.

Ethical Approval

Ethical approvals from the Health Research Ethics Board of
Alberta—Cancer Committee were obtained for this study
(HREBA.CC—16-0814) and for ATP (HREBA.CC—17-
0461).

Consent

ATP participants provided written informed consent for the
use of their deidentifed data, including linkage with ad-
ministrative databases, by researchers whose projects have
been scientifcally reviewed and who have obtained ethics
approval.

Disclosure

Te views expressed herein represent the views of the au-
thors and not of Alberta’s Tomorrow Project or any of its
funders. Tis study is based in part on data provided by
Alberta Health. Te interpretation and conclusions con-
tained herein are those of the researchers and do not nec-
essarily represent the views of the Government of Alberta.
Neither the Government nor Alberta Health expresses any
opinion in relation to this study.

Conflicts of Interest

Te authors declare that they have no conficts of interest.

Authors’ Contributions

MLA, BS, and KAK wrote the manuscript; QW and KAK
conducted the statistical analyses; all authors (MLA, BS,
QW, EH, LS, PJR, and KAK) contributed to the study design,
interpreted the data, and critically edited and approved the
fnal manuscript.

Acknowledgments

Alberta’s Tomorrow Project is only possible because of the
commitment of its research participants, its staf, and its
funders: Alberta Health, Alberta Cancer Foundation, Ca-
nadian Partnership against Cancer and Health Canada, and
substantial in-kind funding from Alberta Health Services.
Tis work was supported by an operating grant received
from the Canadian Institutes for Health Research (Primary
Investigators Kopciuk, Robson, and Shack), grant number
PJT-148774.

Supplementary Materials

Te supplementary materials include the Health and Life-
style Questionnaire. (Supplementary Materials)

References

[1] D. Brenner, L. Shack, R. R. Woods et al., “Projected estimates
of cancer in Canada in 2022,” Canadian Medical Association
Journal, vol. 194, no. 17, pp. E601–E607, 2022.

[2] Canadian Cancer Statistics Advisory Committee, Canadian
Cancer Statistics 2018, Canadian Cancer Society, Toronto,
Canada, 2018.

[3] Alberta Health Services, “Alberta Cancer Registry— Cancer
Research and Analytics,” 2021, https://www.
albertahealthservices.ca/cancer/Page17367.aspx.

[4] B. Hankey, E. J. Feuer, L. X. Clegg et al., “Cancer surveillance
series- interpreting trends in prostate cancer—Part I- evi-
dence of the efects of screening in recent prostate cancer
incidence, mortality, and survival rates,” JNCI Journal of the
National Cancer Institute, vol. 91, no. 12, pp. 1017–1024, 1999.

[5] N. Bell, S. C. Gorber, A. Shane et al., “Recommendations on
screening for prostate cancer with the prostate-specifc an-
tigen test,” Canadian Medical Association Journal, vol. 186,
no. 16, pp. 1225–1234, 2014.

[6] Y. Fradet, L. Klotz, J. Trachtenberg, A. Zlotta, J. Trachtenberg,
and A. Zlotta, “Te burden of prostate cancer in Canada,”
Canadian Urological Association Journal, vol. 3, no. 3-S2,
pp. 102–S100, 2013.

[7] M. Parsons, K. D. A. Askland, and K. D. Askland, “De-
terminants of prostate cancer stage in northern New England:
USA Franco-American contextual efects,” Social Science and
Medicine, vol. 65, no. 10, pp. 2018–2030, 2007.

[8] J. Jayasekera, E. Onukwugha, C. Cadham et al., “Epidemio-
logical determinants of advanced prostate cancer in elderly
men in the United States,” Clinical Medicine Insights: On-
cology, vol. 13, Article ID 117955491985511, 2019.

[9] S. S. Coughlin, “A review of social determinants of prostate
cancer risk, stage, and survival,” Prostate International, vol. 8,
no. 2, pp. 49–54, 2020.

[10] A. Klassen, F. C. Curriero, J. H. Hong et al., “Te role of area-
level infuences on prostate cancer grade and stage at di-
agnosis,” Preventive Medicine, vol. 39, no. 3, pp. 441–448,
2004.

[11] K. Schwartz, H. Crossley-May, F. D. Vigneau et al., “Race,
socioeconomic status and stage at diagnosis for fve common
malignancies,” Cancer Causes and Control, vol. 14, no. 8,
pp. 761–766, 2003.

[12] S. Lynch, N. Mitra, M. Ross et al., “A neighborhood-wide
association study (NWAS): example of prostate cancer

Prostate Cancer 7

https://myatpresearch.ca/DataAccess
https://myatpresearch.ca/DataAccess
https://downloads.hindawi.com/journals/pc/2023/4426167.f1.pdf
https://www.albertahealthservices.ca/cancer/Page17367.aspx
https://www.albertahealthservices.ca/cancer/Page17367.aspx


aggressiveness,” PLoS One, vol. 12, no. 3, Article ID e0174548,
2017.

[13] S. A. Purcell, C. L. P. Oliveira, M. Mackenzie, P. Robson,
J. Lewis, and C. M. Prado, “Body composition and prostate
cancer risk: a systematic review of observational studies,”
Advances in Nutrition, 2021.

[14] World Cancer Research Fund/American Institute for Cancer
Research, Diet, Nutrition, Physical Activity and Prostate
Cancer, World Cancer Research Fund Network, London, UK,
2018.

[15] Canadian Partnership Against Cancer, “Eight priorities for
Canada’s cancer system 2022,” 2022, https://www.partnership
againstcancer.ca/cancer-strategy/strategic-priorities/.

[16] P. Robson, I. Csizmadi, T. R. Haig et al., “Design, methods and
demographics from phase I of Alberta’s Tomorrow Project
cohort: a prospective cohort profle,”CMAJ Open, vol. 4, no. 3,
pp. E515–E527, 2016.

[17] Alberta’s Tomorrow Project, “All About Alberta’s Tomorrow
Project,” 2023, https://myatp.ca/.

[18] Q. Wang, M. L. Aktary, J. J. Spinelli et al., “Pre-diagnosis
lifestyle, health history and psychosocial factors associated
with stage at breast cancer diagnosis – potential targets to shift
stage earlier,” Cancer Epidemiology, vol. 78, Article ID 102152,
2022.

[19] J. Hugosson, G. Aus, H. Lilja, P. Lodding, C. Pihl, and
C. G. Pihl, “Results of a randomized, population-based study
of biennial screening using serum prostate-specifc antigen
measurement to detect prostate carcinoma,” Cancer, vol. 100,
no. 7, pp. 1397–1405, 2004.

[20] B. Holmstrom, M. Johansson, A. Bergh, U. H. Stenman,
G. Hallmans, and P. Stattin, “Prostate specifc antigen for early
detection of prostate cancer: longitudinal study,” BMJ,
vol. 339, no. sep24 1, p. b3537, 2009.

[21] R. A. Godtman, E. Holmberg, A. Khatami, J. Stranne, and
J. Hugosson, “Outcome following active surveillance of men
with screen-detected prostate cancer. Results from the
Goteborg randomised population-based prostate cancer
screening trial,” European Urology, vol. 63, no. 1, pp. 101–107,
2013.

[22] P. J. Lamy, Y. Allory, A. S. Gauchez et al., “Prognostic bio-
markers used for localised prostate cancer management:
a systematic review,” European Urology Focus, vol. 4, no. 6,
pp. 790–803, 2018.

[23] T. Deng, M. Zhang, S. Feng, X. Duan, T. Zhang, and C. Cai,
“Number of screening rounds and risk of prostate cancer-
a systematic review and meta-analysis,” International Journal
of Clinical and Experimental Medicine, vol. 11, no. 1, pp. 1–11,
2018.

[24] T. Pakarainen, J. Nevalainen, K. Talala et al., “Number of
screening rounds attended and incidence of high-risk prostate
cancer in the Finnish Randomized Study of Screening for
Prostate Cancer (FinRSPC),” Cancer, vol. 127, no. 2,
pp. 188–192, 2021.

[25] T. Pakarainen, J. Nevalainen, K. Talala et al., “Te number of
screening cycles needed to reduce prostate cancer mortality in
the Finnish section of the European randomized study of
prostate cancer (ERSPC),” Clinical Cancer Research, vol. 25,
no. 2, pp. 839–843, 2019.

[26] M. Franlund, M. Mansson, R. A. Godtman et al., “Results
from 22 years of followup in the Goteborg randomized
population-based prostate cancer screening trial,”Te Journal
of Urology, vol. 208, no. 2, pp. 292–300, 2022.

[27] S. M. Zappala, Y. Dong, V. Linder et al., “Te 4Kscore blood
test accurately identifes men with aggressive prostate cancer

prior to prostate biopsy with or without DRE information,”
International Journal of Clinical Practice, vol. 71, no. 6, Article
ID e12943, 2017.

[28] A. Buja, L. Lago, S. Lago, A. Vinelli, C. Zanardo, and V. Baldo,
“Marital status and stage of cancer at diagnosis: a systematic
review,” European Journal of Cancer Care, vol. 27, no. 1,
Article ID e12755, 2018.

[29] A. A. Aizer, M. H. Chen, E. P. McCarthy et al., “Marital status
and survival in patients with cancer,” Journal of Clinical
Oncology, vol. 31, no. 31, pp. 3869–3876, 2013.

[30] S. F. Peisch, E. L. Van Blarigan, J. M. Chan,M. J. Stampfer, and
S. A. Kenfeld, “Prostate cancer progression and mortality:
a review of diet and lifestyle factors,” World Journal of
Urology, vol. 35, no. 6, pp. 867–874, 2017.

[31] A. Giwercman, L. Richiardi, M. Kaijser, A. Ekbom, and
O. Akre, “Reduced risk of prostate cancer in men who are
childless as compared to those who have fathered a child:
a population based case-control study,” International Journal
of Cancer, vol. 115, no. 6, pp. 994–997, 2005.

[32] K. T. Jørgensen, B. V. Pedersen, C. Johansen, and M. Frisch,
“Fatherhood status and prostate cancer risk,” Cancer, vol. 112,
no. 4, pp. 919–923, 2008.

[33] S. M. Wirén, L. I. Drevin, S. V. Carlsson et al., “Fatherhood
status and risk of prostate cancer: nationwide, population-
based case–control study,” International Journal of Cancer,
vol. 133, no. 4, pp. 937–943, 2013.

[34] Y. Mao, X. Xu, X. Zheng, and L. Xie, “Reduced risk of prostate
cancer in childless men as compared to fathers: a systematic
review and meta-analysis,” Scientifc Reports, vol. 6, no. 1,
Article ID 19210, 2016.

[35] L. K. Dennis and D. V. Dawson, “Meta-analysis of measures of
sexual activity and prostate cancer,” Epidemiology, vol. 13,
no. 1, pp. 72–79, 2002.

[36] K. Boehm, M. Sun, A. Larcher et al., “Waist circumference,
waist-hip ratio, body mass index, and prostate cancer risk:
results from the North-American case-control study Prostate
Cancer and Environment Study,” Urologic Oncology: Semi-
nars and Original Investigations, vol. 33, no. 11, pp. 494.e1–
494.e7, 2015.

[37] P. Dimitropoulou, R. M. Martin, E. L. Turner et al., “Asso-
ciation of obesity with prostate cancer: a case-control study
within the population-based PSA testing phase of the ProtecT
study,” British Journal of Cancer, vol. 104, no. 5, pp. 875–881,
2011.

[38] American Institute for Cancer Reserch, Diet, Nutrition,
Physical Activity and Prostate Cancer, Continuous Update
Project Expert Report World Cancer Research Fund/Amer-
ican Institute for Cancer Reserch, Washington, DC, USA,
2018.

[39] C. M. Friedenreich, K. S. Courneya, H. K. Neilson et al.,
“Reliability and validity of the past year total physical activity
questionnaire,” American Journal of Epidemiology, vol. 163,
no. 10, pp. 959–970, 2006.

[40] A. F. Subar, F. E. Tompson, V. Kipnis et al., “Comparative
validation of the Block, Willett, and National Cancer Institute
food frequency questionnaires,” American Journal of Epide-
miology, vol. 154, no. 12, pp. 1089–1099, 2001.

8 Prostate Cancer

https://www.partnershipagainstcancer.ca/cancer-strategy/strategic-priorities/
https://www.partnershipagainstcancer.ca/cancer-strategy/strategic-priorities/
https://myatp.ca/



