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Background: Small-scale studies indicate an increase in mental health disorders
among prostate cancer survivors compared to the general population, but large
population-based data assessing this relationship are scarce. The present study
examined the prevalence of lifetime history of prostate cancer in a cross-sectional sample
of Canadian men and assessed the contribution of lifetime history of a prostate cancer
diagnosis, multimorbidity, and current alcohol and smoking status to the association with
current mental health outcomes in this population.
Methods: The analytical sample included 25,183 men (aged 45 to 85 years old),
who completed a survey as part of the Canadian Longitudinal Study on Aging
(CLSA). The Center for Epidemiological Studies Depression Scale (CES-D10), Kessler’s
Psychological Distress Scale (K10), and self-reported mental health were mental health
outcomes. Multiple logistic regression analyses, and controlling for the complexity of the
design and covariates, evaluated the association between prostate cancer survivorship,
multimorbidity, alcohol and smoking status, and current mental health outcomes.
Results: The prevalence of lifetime history of prostate cancer diagnosis in this
population-based sample of men was 4% (95% CI: 3.7, 4.4). Our results indicate
statistically significantly higher odds of current psychological distress (aOR = 1.52, 95%
CI: 1.09, 2.11) and screening positive for depression (aOR = 1.24; 95% CI: 1.02, 1.51)
among survivors of prostate cancer, compared to men without a history of prostate
cancer diagnosis in demographics controlled analyses. After addition of multimorbidity
and substance use, the odds of screening positive for depression among survivors of
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prostate cancer are 1.32 (95% CI: 1.06, 1.64) higher compared to men who never had
a history of prostate cancer diagnosis.
Interpretation: Patient education and empowerment programs aimed at addressing
concerns during the diagnosis and treatment and enhancing survivorship care plans by
adding routine screening for mental distress to help survivors overcome poor mental
health during the cancer survivorship journey, are warranted.
Keywords: prostate cancer, cancer survivorship, mental health, depression, anxiety, substance use,
multimorbidity, quality of life

INTRODUCTION

depression and PCa are more likely to have worse quality of
life, short and long term, increased risk of multimorbidity (e.g.,
cardiovascular disease and diabetes), increased mortality, and
higher healthcare utilization than men in the general population
(9, 10). Hence, examining and understanding the mechanisms
behind the association between mental health outcomes and PCa
survivorship is a health priority (1, 5–7, 10–12).
The mechanisms through which PCa survivorship and mental
health are associated have not been directly assessed. However,
research shows that mental health disorders have long been
associated with multimorbidity and unhealthy lifestyle coping
mechanisms, such as alcohol use and smoking (12–17). As
99% of patients diagnosed with PCa are over age 50, and
about 65% are over 65 years of age, they are more likely to
experience the sequelae of cancer treatment in the context
of other coexisting medical conditions (2, 3, 8, 13). Studies
show that individuals with multimorbidity have worse physical,
social, and psychological quality of life (14). Read et al. (15)
found that depression is two to three times more likely to
be experienced by people with multimorbidity than those who
have no chronic physical conditions (15). Alcohol use and
smoking are known unhealthy coping mechanisms and risk
factors associated with PCa (16–19). Continued alcohol use
and smoking after diagnosis can complicate treatment, increase
risk for further malignancy, and contribute to secondary health
problems such as cardiovascular disease and diabetes for PCa
survivors (16, 18, 19).
In the past few years, we have seen an increase in the number
of studies that are beginning to assess the role of psychosocial
factors on the mental health and quality of life of prostate cancer
survivors (11, 20). For example, a study looking at prostate cancer
survivorship among married men (or currently in a relationship)
who had undergone surgery for their prostate cancer diagnosis,
found that 16.2% of the men in the sample also screened positive
for psychological distress (20). This outcome was worse for men
who were of younger age, those who scored low on relationship
satisfaction, and were not, at the time the study was conducted,
on prescribed medication for anxiety, depression, or both (20).
One gap in the literature is the assessment of the contribution
of multimorbidity, smoking, and alcohol use in addition to the
presence or absence of the lifetime history of a PCa diagnosis
on current mental health disorders. A second gap is the absence
of an assessment of the prevalence of the presence of a lifetime
history of a PCa diagnosis among men in Canada. Last, data
on the association between history of PCa and current mental

Prostate cancer (PCa) is the most commonly diagnosed cancer
among men in Canada, Europe, and the USA (1, 2). Although
the incidence rate of PCa increases faster with age than any
other cancer, about 81% of PCa diagnosed cases are diagnosed
in the early stages of development when patients can receive
effective curative treatments (3). While treatment for highrisk PCa patients, especially for healthy younger men, usually
is treated with open surgery, laparoscopic or robotic-assisted
laparoscopic surgery, which includes the removal of the prostate
gland, moderate to low-risk PCa may be treated with radiation
and hormonal therapy (2, 3). These treatments have improved
considerably over the decades and are providing very good
curative results (2–4). However, patients are still at risk of
complications and side effects, especially urinary incontinence
and erectile dysfunction (4). When these side effects occur
among younger patients (e.g., 40 to 65 years of age), they violate
expectations regarding urinary and erectile function age norms
and often negatively impact the psychological well-being of
patients (5–7).
Given that the majority of PCa patients become long-term
survivors (>5 years), with over 70% of patients expected to
live 10 years or more from the time of diagnosis, unaddressed
mental health disorders can negatively impact their health (2–
5). According to a literature review conducted by Fervaha et al.
(6), one in six men with a PCa diagnosis will experience clinically
significant depression, which was shown to contribute to poorer
oncological outcomes (6–10). A meta-analysis by Watts and
colleagues found that rates of depression and anxiety among PCa
survivors were higher than those found in the general population,
although most of the studies included in the review had small
sample sizes (7). These results have been further corroborated
by a population-based study of 6,685 men residing in Atlantic
Canada (5). Survivors of PCa had more than double the odds
of screening positive for depression and anxiety, compared to
men who had no history of cancer (control), while men with a
history of any other form of cancer had comparable mental health
outcomes with the control group (5).
The rise in PCa incidence with increased age combined
with low PCa mortality have important implications for the
Canadian healthcare system (11–13). Men with co-occurring
Abbreviations: PCa, prostate cancer; CLSA, Canadian Longitudinal Study
on Aging.
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identifies current (past week) symptoms of depression among
community-residing older adults (24). The CES-D10 includes 10
items comprising six scales reflecting major facets of depression:
depressed mood, feelings of guilt and worthlessness, feelings
of helplessness and hopelessness, psychomotor retardation,
loss of appetite, and sleep disturbance. The cutoff score for
depressive symptoms recommended by Andresen et al. (24) is
a score greater than or equal to 10 (24). Screening positive for
depressive symptoms (score ≥ 10) was coded 1, and screening
negative for depressive symptoms (score < 10) was coded 0.
Internal consistency, test–retest reliability, convergent validity
and divergent validity for CES-D10 are 0.86, 0.85, 0.91, and
0.89, respectively, and they are used regularly in psychiatric
settings as well as general population mental health surveillance
research (25–27).
Self-rated mental health (SRMH) was assessed through the
following question: “In general, would you say your mental health
is excellent, very good, good, fair or poor?” Research suggests
that this question is a good proxy for clinical criteria for mental
health assessment (28). Specifically, paralleling the literature on
clinical mental health assessment, research results highlight a
positive association between “poor” self-perceived mental health
status, depressive symptoms, and mental health treatment (28,
29). The Likert scale question surveyed assessed the presence
of poor mental health (e.g., fair and poor) and absence of poor
mental health (e.g., excellent, very good, and good), coded 1 and
0, respectively. This dichotomization is commonly seen in the
literature for self-rated mental health (29).

health disorders in Canada are scarce (5). Here we examine
the prevalence of PCa and its demographic characteristics and
examine the relationship between status of lifetime history
of PCa diagnosis and current mental health outcomes, with
and without the contribution of multimorbidity, alcohol use
and smoking status, in demographics controlled analyses, in
a large population-based sample of adult Canadian men who
participated in the baseline data collection cycle of the Canadian
Longitudinal Study on Aging (CLSA) between 2010 and 2015.

METHODS
Participants
Data were based on a sample of 25,183 men (45 to 85 years of
age) from the slightly more than 50,000 men and women across
Canada’s 10 provinces who participated in either the Tracking or
Comprehensive cohorts of the baseline cycle (2010 to 2015) of
the CLSA. The CLSA is a national, longitudinal research platform
that collects comprehensive data and biological samples, which
support a wide variety of aging-related research. A total of
10,406 individuals were assessed during a telephone interview
(Tracking cohort), and 14,777 individuals were assessed in an
in-home interview (Comprehensive cohort). Variables in the
analyses were assessed in both cohorts, with the exception of
psychological distress, which was assessed in the Comprehensive
cohort only. Details about CLSA design, recruitment, study
procedure, and measures have been described elsewhere (21).
The CLSA Protocol is also available for download under the
Researchers section of the CLSA website (www.clsa-elcv.ca).
All procedures performed in this study were in accordance
with the ethical standards of the institutional ethics committee
(Dalhousie University; Project 2018-4523). The survey was
conducted according to the ethics standards and principles of the
World Medical Association Declaration of Helsinki guidelines for
human studies. All participants have provided written informed
consent prior to participating in the study.

Exposure Variables
Lifetime History of a PCa Diagnosis was the main predictor.
CLSA participants were asked: “Has a doctor ever told you that
you had cancer?” Participants who answered “yes” were further
asked “What type(s) of cancer were you diagnosed with?” Lifetime
history of PCa diagnosis was coded 1, and absence of lifetime
history of PCa diagnosis was coded 0.

Study Design

Multimorbidity

Outcome Variables

Participants were asked if they had any one of the following 26
physical health conditions: heart attack or myocardial infarction;
angina (or chest pain due to heart disease); stroke or CVA
(cerebrovascular accident); high blood pressure or hypertension;
heart disease (including congestive heart failure); peripheral
vascular disease or poor circulation in limbs and mini-stroke or
TIA (Transient Ischemic Attack); diabetes, borderline diabetes,
or high blood sugar; overactive thyroid (hyperthyroidism);
underactive thyroid (hypothyroidism); emphysema, chronic
bronchitis, chronic obstructive pulmonary disease (COPD),
or chronic changes in lungs due to smoking; asthma; macular
degeneration; osteoarthritis in one or both hands, osteoarthritis
in one or both hips, osteoarthritis in the knee; osteoporosis;
other type of arthritis; rheumatoid arthritis; kidney disease or
kidney failure; intestinal or stomach ulcers; bowel disorder;
epilepsy, multiple sclerosis, and Parkinsonism/Parkinson’s
disease; dementia or Alzheimer’s disease; and cancer.
These chronic conditions have been included in previous
studies assessing multimorbidity (27–29). Consistent with

Two validated and one self-report measures were used to assess
current mental health.
Psychological distress was assessed using Kessler’s
Psychological Distress Scale (K10) (22). This commonly-used
10-item scale has high levels of internal consistency (Cronbach’s
alpha = 0.88) and convergent validity (0.84) (22, 23). K10 screens
for symptoms of psychological distress, such as depression and
anxiety, within the past month (23). Scores were on a K10 range
between 10 and 50, with scores under 20 indicating good mental
health, 20–24 indicating mild mental disorder, 25–29 indicating
moderate mental disorder, and 30 and above indicating the
likelihood of a severe mental disorder (22, 23). The cutoff score
for psychological distress recommended by Kessler is a score
greater than or equal to 20 (22). Screening positive for distress
(score ≥ 20) was coded 1, and screening negative for distress
(score < 20) was coded 0.
Screening positive for depression was assessed using the Center
for Epidemiologic Studies—Depression (CES-D10) Scale, which
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previous research, we defined multimorbidity as the presence of
two or more chronic physical health conditions (coded 1; less
than two chronic conditions coded 0).

TABLE 1 | Weighted and unweighted estimates and odds-rations (ORs) of
lifetime history of prostate cancer (PCa) diagnosis by demographic characteristics
for Canadian men from the baseline cycle (2010–2015) of the CLSA (N = 25,183).
Lifetime history of PCa diagnosis

Smoking

No
(n = 23,825)
%a (95% CI)
ORb (95% CI)

Participants were asked about the frequency of smoking
cigarettes in the past 30 days. Responses indicated daily,
occasional (at least one cigarette in the past 30 days, but not
every day) and no cigarette smoking at all, and were coded 2,
1, and 0, respectively. This item is used in the Ontario Health
Study (30), as well as the Canadian Health Measures Survey
(CHMS) (31) and the Canadian Tobacco Use Monitoring Survey
(CTUMS) (32), all current and reliable sources of population
health surveillance with an established epidemiological and peer
reviewed scientific reputation.

Age1
>74 (n)

Alcohol Use
Participants were asked about the frequency of their alcohol
consumption in the past 12 months. Responses included daily
drinking (four to five times a week or almost every day), weekly
drinking (once to two to three times a week), occasional drinking
(either less than once a month, about once a month or two to
three times a month), and no alcohol drinking at all, coded 3, 2,
1, and 0, respectively. This item was adapted from the Ontario
Health Survey (30), which were originally sourced from the
Center for Addiction and Mental Health Monitor (33), one of
the longest and most reputable surveys on adult mental health in
the world.

87.1 (85.5, 88.5)

12.9 (11.5, 14.5)

Unweighted

86.6 (86.2, 87.0)

13.4 (11.6, 15.2)

1.00 (Reference)

9.50 (8.11, 11.07)***

65–74 (n)

(5,516)

(452)

Weighted

92.3 (91.0, 93.4)

7.7 (6.6, 9)

Unweighted

92.4 (92.1, 92.7)

7.6 (6.2, 9.0)

1.00 (Reference)

5.03 (4.27, 5.93)***

(14,176)

(265)

Weighted

98.4 (98.1, 98.7)

1.6 (1.3, 1.9)

Unweighted

98.2 (98.0, 98.4)

1.8 (1.1, 2.5)

Saskatchewan (n)
Weighted
Unweighted
Quebec (n)

(641)

(38)

95.7 (94.1, 96.9)

4.3 (3.1, 5.9)

94.4 (94.1 94.7)

5.6 (4.4, 6.8)

1.00 (Reference)

1.21 (0.82, 1.80)

(4,465)

(223)

96.2 (95.5, 96.8)

3.8 (3.2, 4.5)

Unweighted

95.2 (94.9, 95.5)

4.8 (3.7, 5.9)

1.00 (Reference)

1.06 (0.83, 1.37)

(517)

(48)

Weighted

93.7 (91.5, 95.4)

6.3 (4.6, 8.3)

Unweighted

91.5 (91.1, 91.9)

8.5 (7.0, 10.0)

1.00 (Reference)

1.80 (1.23, 2.65)***

Ontario (n)

(5,210)

(298)

Weighted

95.9 (95.1, 96.5)

4.1 (3.5, 4.9)

Unweighted

94.6 (94.3, 94.9)

5.4 (4.2, 6.6)

1.00 (Reference)

1.10 (0.87, 1.40)

Nova Scotia (n)

(2,177)

(129)

Weighted

96.4 (95.3, 97.3)

3.6 (2.7, 4.7)

Unweighted

94.4 (94.1, 94.7)

5.6 (4.4, 6.8)

1.00 (Reference)

1.20 (0.91, 1.59)

(1,622)

(85)

Newfoundland and
Labrador (n)

Data derived from complex surveys using stratification and
weights do not meet the assumption of independent observations
and thus underestimate variances, overstating significance levels,
which may result in false-positive inferences. We therefore
employed design-based estimation methods to accommodate
these sampling methods (41). Following the CLSA guidelines,
trimmed (inflation) weights (in the descriptive analyses) and
analytic weights (in the regression analyses) were used in
order for the estimates to be generalizable to the Canadian
population (42). To adjust for the complex survey data, variances
were estimated using Taylor Series Linearization available in
the Complex Sample module in SPSS 25.0. For the pooled

Wald F (9, 25,141) = 1.69

Weighted

Prince Edward Island (n)

Statistical Analysis

Frontiers in Psychiatry | www.frontiersin.org

(641)

Weighteda

Provincial Residence2

Covariates were selected based on previous literature indicating
that these variables are associated with mental health (34–40).
The following six covariates were employed: age (<65, 65–
74, >74), province (Alberta, British Columbia, Manitoba, New
Brunswick, Newfoundland and Labrador, Nova Scotia, Ontario,
Prince Edward Island, Quebec, and Saskatchewan), education
(less than post-secondary degree/diploma and post-secondary
degree/diploma), household income (<$50,000 a year; ≥$50,000,
<$100,000 a year; ≥$100,000, <$150,000 a year; ≥$150,000 a
year), marital status (married or common law; not married/not
common-law: single, never married, never lived with partner,
widowed, divorced, or separated), and ethnicity [other (nonwhite), white only, to account for less than five cell counts].

Wald F (2, 25,148) = 403.52***
(4,133)

<65 (n) (Reference)

Covariates

Yes
(n = 1,358)
%a (95% CI)
ORb (95% CI)

Weighted

96.1 (94.6, 97.2)

3.9 (2.8, 5.4)

Unweighted

95.0 (94.7, 95.3)

5.0 (3.8, 6.2)

1.00 (Reference)

1.00 (0.73, 1.37)

New Brunswick (n)

(634)

(34)

Weighted

96.3 (94.7, 97.4)

3.7 (2.6, 5.3)

Unweighted

94.9 (94.6, 95.2)

5.1 (3.9, 6.3)

1.00 (Reference)

1.04 (0.69, 1.59)

Manitoba (n)
Weighted
Unweighted

(2,137)

(107)

96.3 (95.4, 97)

3.7 (3, 4.6)

95.2 (94.9, 95.5)

4.8 (3.7, 5.9)

1.00 (Reference)

0.95 (0.72, 1.27)
(Continued)

4

December 2020 | Volume 11 | Article 586260

Moodie et al.

Prostate Cancer Survivorship Mental Distress

TABLE 1 | Continued

TABLE 1 | Continued
Lifetime history of PCa diagnosis
No
(n = 23,825)
%a (95% CI)
ORb (95% CI)
British Columbia (n)

Lifetime history of PCa diagnosis
No
(n = 23,825)
%a (95% CI)
ORb (95% CI)

Yes
(n = 1,358)
%a (95% CI)
ORb (95% CI)
Ethnicity6

(4,089)

(264)

Weighted

95.6 (94.8, 96.3)

4.4 (3.7, 5.2)

White only (n)

Unweighted

93.9 (93.6, 94.2)

6.1 (4.8, 7.4)

1.00 (Reference)

1.21 (0.94, 1.54)

(2,333)

(132)

Alberta (n) (Reference)
Weighted
Unweighted
Education3
Post-secondary
degree/diploma (n)

96.2 (95.3, 97)

3.8 (3, 4.7)

94.6 (94.3, 94.9)

5.4 (4.2, 6.6)
(955)

Weighted

96.3 (95.9, 96.7)

3.7 (3.3, 4.1)

Unweighted

95.0 (94.7, 95.3)

5.0 (3.8, 6.2)

1.00 (Reference)

0.71 (0.62, 0.81)***

(5,721)

(400)

Less than post-secondary
degree/diploma (n)
(Reference)
Weighted

95.1 (94.2, 95.8)

4.9 (4.2, 5.8)

Unweighted

93.5 (93.2, 93.8)

6.5 (5.2, 7.8)

Total Household Income4
≥$150,000 year (n)

(136)

Weighted

97.7 (96.9, 98.3)

2.3 (1.7, 3.1)

Unweighted

96.7 (96.5, 97.0)

3.3 (2.3, 4.3)

1.00 (Reference)

0.44 (0.36, 0.56)***

(4,644)

(221)

Weighted

96.5 (95.6, 97.2)

3.5 (2.8, 4.4)

Unweighted

95.5 (95.2, 95.8)

4.5 (3.4, 5.6)

1.00 (Reference)

0.64 (0.53, 0.77)***

(8,356)

(561)

≥$50,000,
<$100,000/year (n)
Weighted

95.6 (94.9, 96.2)

4.4 (3.8, 5.1)

Unweighted

93.7 (93.4, 94.0)

6.3 (5.0, 7.6)

1.00 (Reference)

0.98 (0.84, 1.12)**

(5,744)

(373)

<$50,000/year (n)
(Reference)
Weighted

95.1 (94.2, 95.8)

4.9 (4.2, 5.8)

Unweighted

93.9 (93.6, 94.2)

6.1 (4.8, 7.4)

Marital Status5
Married/common-law (n)

95.9 (95.5, 96.2)

4.1 (3.8, 4.5)

Unweighted

94.5 (94.2, 94.8)

5.5 (4.3, 6.7)

1.00 (Reference)

1.14 (0.84, 1.56)

(992)

(53)

Weighted

96.7 (94.7, 98.0)

3.3 (2.0, 5.3)

Unweighted

94.9 (94.6, 95.2)

5.1 (3.9, 6.3)

1,2 No

missing values: n = 25,183.
deletion n = 25,108.
4 Listwise deletion n = 24,022.
5 Listwise deletion resulted in the following: n = 25,117.
6 Listwise deletion resulted in the following: n = 24,118.
In complex samples, df = (#PSUs)–(# strata).
***Significant at p < 0.001.
**Significant at p < 0.01.
*Significant at p < 0.05.
a Complex sample analysis design adjusted using inflation weights.
b Complex sample analysis design adjusted using analytical weights.
3 Listwise

(Tracking and Comprehensive cohorts) data, our analyses were
based on a design employing normalized inclusion weights of
25,183 adult men drawn from 34 equally allocated strata. For
the Comprehensive CLSA data, our analyses were based on a
design employing normalized inclusion weights of 14,777 adult
men drawn from 14 equally allocated strata. Covariate-adjusted
logistic regressions assessed the association between lifetime
history of a PCa diagnosis and three mental health outcomes—
psychological distress, depressive symptoms, and self-rated
mental health, in covariate-adjusted analyses. Covariate-adjusted
multiple logistic regressions also evaluated the contribution
of lifetime history of PCa, multimorbidity, and substance use
(alcohol use and smoking) in predicting each of the three
mental health outcomes, in covariate-adjusted analyses. Listwise
deletion reduced the estimation sample for depressive symptoms
to 25,060 from 25,183, and for self-rated mental health to
25,159 from 25,183. For psychological distress, listwise deletion
reduced the estimation sample to 13,960 from 14,777. Based
on 5.5% of our data missing for psychological distress, multiple
imputation (MI) was performed using IBM SPSS 25 (43). The
imputation method selected was the Automatic method (the
software scans the data to determine which method of imputation
(monotone or fully conditional) should be specified, based on
the pattern of missing data. Fully conditional specification (FCS)
was determined, which is an iterative Markov Chain Monte
Carlo (MCMC) method. The MCMC method can be used when
the pattern of missing data is arbitrary (44). We specified 20
iterations, as recommended by the literature (44, 45). For each

Wald F (1, 25,143) = 6.05*
(18,454)

(1,084)

Weighted

95.9 (95.4, 96.3)

4.1 (3.7, 4.6)

Unweighted

94.5 (94.2, 94.8)

5.5 (4.3, 6.7)

1.00 (Reference)

1.20 (1.04, 1.39)*

(5,365)

(274)

Non-married/noncommon-law (n)
(Reference)

(1,273)

Weighted

Wald F (3, 23,986) = 25.07***
(3,987)

≥$100,000,
<$150,000/year (n)

Wald F (1, 24,084) = 0.71
(21,800)

Other (n) (Reference)

Wald F (1, 25,074) = 26.22***
(18,032)

Yes
(n = 1,358)
%a (95% CI)
ORb (95% CI)

Weighted

96.5 (95.8, 97.1)

3.5 (2.9, 4.2)

Unweighted

95.1 (94.8, 95.4)

4.9 (3.8, 6.0)
(Continued)
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iteration, and for each variable in the order specified in the
variable list, the FCS method fits a univariate model using
all other available variables in the model as predictors, then
imputes missing values for the variable being fit. This method
continues until the maximum number of iterations is reached.
For each of our analyses using MI, sensitivity analyses were
performed to determine how the missing data affected the
results (45). Results of the MI analyses can be found in the
(Supplementary Tables 1a, 2a).

TABLE 2 | Weighted estimates and logistic regression analyses examining the
association between lifetime history of PCa and mental health assessed through
psychological distress (K10), depression (CES-D 10), and poor self-rated mental
health (SRMH) for Canadian men from the baseline cycle of the CLSA,
2010–2015.
Screened positive for psychological
distress (K10)
(N = 13,960)1
No
(n = 12,623)

F (7, 12,689) = 39.29***

RESULTS

Lifetime history of PCa
diagnosis

An estimated 4% of adult men (95% CI: 3.7, 4.4) reported a
lifetime history of PCa diagnosis. Table 1 displays the estimates of
lifetime history of PCa diagnosis by demographic characteristics.
Of the Canadian men who reported a lifetime history of a PCa
diagnosis, 72.8% were over the age of 65. The majority of men
who reported a lifetime history of PCa diagnosis were married
or common-law (83.7%). Additionally, over 70% of the men who
reported a history of PCa had a household income of <$100,000
per year, and of those, 29% reported a household income of
<$50,000 per year. The results indicate higher odds (OR = 1.20;
95% CI: 1.04, 1.39) of lifetime history of PCa among married men
compared to single men, and among men older than 65 years
old (OR = 5.03, 95% CI: 4.27, 5.93, and OR = 9.50 95% CI:
8.11, 11.07 times higher for men between 65 and 75 years old,
or older than 75, respectively) compared to men younger than
65 years old. Increased total household income and education
were protective factors for lifetime history of PCa. Odds for
lifetime history of PCa were almost double (OR = 1.80; 95% CI:
1.23, 2.65) among PEI residents compared to Alberta residents
(reference category), although, overall, province of residence was
not statistically significantly associated with lifetime history of
PCa diagnosis status.
Logistic regression analyses, adjusted for covariates and the
complexity of the design, revealed that men with a lifetime history
of PCa diagnosis had statistically significantly higher adjusted
odds of screening positive for psychological distress (aOR = 1.52,
95% CI: 1.09, 2.11; multiple imputation aOR = 1.57, 95% CI:
1.18, 2.08), depression (aOR = 1.24, 95% CI: 1.02, 1.51), but
not self-rated mental health (aOR = 0.95, 95% CI: 0.68,1.32),
compared to men who never received a PCa diagnosis (Table 2).
Multiple imputation results for psychological distress analyses
can be found in Supplementary Table 1a.
Multiple logistic regression analyses, adjusted for the
covariates and the complexity of the design, examined the
contribution of lifetime history of PCa diagnosis, multimorbidity,
smoking, and alcohol use on each of the three mental health
outcomes, and revealed a statistically significant contribution of
all four predictors to depression, but not psychological distress
or self-rated mental health (Table 3). Odds were 1.32 (95% CI:
1.06, 1.64) higher for screening positive for depressive symptoms
among men with a lifetime history of PCa compared with men
without a lifetime history of PCa, and were 1.62 (95% CI: 1.45,
1.80) higher for screening positive for depression among men
with multimorbidity than those without. Men who were weekly
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Yes
(n = 1,337)

Yes (n)
aORa (95% CI)
No (n) (Reference)

F (1, 12,695) = 6.24*
(681)

(79)

1.00 (Reference)

1.52 (1.09, 2.11)**

(11,942)

(1,258)

Screened positive for depression
(CES-D 10)
(N = 25,060)
No
(n = 21,750)

Yes
(n = 3,310)

F (7, 22,777) = 94.98***
Lifetime history of PCa
diagnosis
Yes (n)
aORa (95% CI)
No (n) (Reference)

F (1, 22,783) = 4.51*
(20,582)

(3,125)

1.00 (Reference)

1.24 (1.02, 1.51)*

(1,168)

(185)

Poor self-rated mental health (SRMH)
(N = 25,159)
No
(n = 22,564)

Yes
(n = 1,238)

F (7, 22,860) = 53.87***
Lifetime history of PCa
diagnosis
Yes (n)
aORa (95% CI)
No (n) (Reference)

F (1, 22,866) = 0.11
(1,302)

(1,302)

1.00 (Reference)

0.95 (0.68, 1.32)

(22,564)

(1,238)

***Significant at P < 0.001. **Significant at P < 0.01. *Significant at P < 0.05 (two-tailed).
1 Comprehensive cohort only. a Analyses were controlled for age, province, education,
household income, marital status, ethnicity, and complexity of the design.

or daily drinkers had odds 1.18 (95% CI: 1.02, 1.35) and 1.47 (95%
CI: 1.25, 1.73) times significantly higher for screening positive
for depression than those who were non-drinkers, respectively.
Daily smokers also had 1.57 (95% CI: 1.36, 1.82) times higher
odds for screening positive for depression at the time they were
being surveyed compared to men who were non-smokers.
Lifetime history of PCa was not a statistically significant
contributor of screening positive for psychological distress
(aOR = 1.30; 95% CI: 0.89, 1.89), while MI analyses (see
Supplementary Table 2a) show that among men with a lifetime
history of PCa, odds were 1.62 (95% CI: 1.22, 2.16) significantly
higher for screening positive for psychological distress compared
with men without a history of PCa. Odds were 1.64 (95% CI: 1.38,
1.95; multiple imputation aOR = 1.74, 95% CI: 1.52, 1.98) higher
for screening positive for psychological distress among men
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TABLE 3 | Multivariate logistic regression results predicting current psychological distress (K10), depression (CES-D 10), and self-rated poor mental health, by status of
lifetime history of PCa, multimorbidity, alcohol use, and smoking for Canadian men from the baseline cycle of the CLSA, 2010–2015.
Screening positive for psychological
distress vs. screening negative1
% (95% CI)
aORa (95% CI)

Screening positive for depression
vs. screening negative
% (95% CI)
aORa (95% CI)

Poor self-rated mental health vs.
good self-rated mental health
% (95% CI)
aOR a (95% CI)

F (21, 8,989) = 15.42***

F (24, 16,477) = 28.98***

F (24, 16,542) = 19.97***

F (1,9,009) = 1.83

F (1, 16,500) = 6.03*

F (1, 16,565) = 0.002

10.2 (7.5, 13.7)
1.30 (0.89, 1.89)

15.1 (12.7, 17.8)
1.32 (1.06, 1.64)*

4.3 (3.1, 5.9)
1.01 (0.70, 1.45)

Lifetime history of PCa
diagnosis
Yes
No
Multimorbidity
Yes
No

1.00 (Reference)

1.00 (Reference)

1.00 (Reference)

F (1,9,009) = 31.29***

F (1, 16,500) = 75.29***

F (1, 16,565) = 62.19***

12.5 (11.4, 13.6)
1.64 (1.38, 1.95)***

16.7 (15.9, 17.6)
1.62 (1.45, 1.80)***

7.2 (6.6, 7.8)
1.97 (1.67, 2.33)***

1.00 (Reference)

1.00 (Reference)

1.00 (Reference)

Alcohol use

F (3,9,007) = 6.14**

F (3, 16,498) = 13.79***

F (3, 16,563) = 8.76***

Daily drinker

13.6 (11.8, 15.5)
1.59 (1.20, 2.09)**

16.5 (15.2, 17.8)
1.47 (1.25, 1.73)**

6.3 (5.5, 7.2)
1.58 (1.25, 2.01)**

Weekly drinker

9.2 (8.0, 10.5)
1.52 (1.21, 1.91)*

12.0 (11.1, 13.0)
1.18 (1.02, 1.35)*

4.6 (4.0, 5.3)
1.06 (0.85, 1.32)

Occasional drinker

8.2 (7.2, 1.59)
1.12 (0.91, 1.39)

11.0 (10.1, 12.00)
0.88 (0.77, 1.01)

4.1 (3.5, 4.7)
0.84 (0.68, 1.05)

Non-drinker
Smoking
Daily smoker
Occasional smoker
Non-smoker

1.00 (Reference)

1.00 (Reference)

1.00 (Reference)

F (2,9,008) = 12.91***

F (2, 16,499) = 18.23***

F (2, 16,564) = 9.36***

20.4 (17.2, 24.0)
1.84 (1.435 2.34)***

23.9 (21.7, 26.3)
1.57 (1.36, 1.82)***

10.5 (9.0, 12.3)
1.54 (1.25, 1.89)***

14.3 (9.5, 21.1)
1.41 (0.86, 2.32)

16.5 (13.0, 20.9)
1.21 (0.91, 1.64)

8.3 (5.8, 11.7)
1.50 (0.98, 2.29)

1.00 (Reference)

1.00 (Reference)

1.00 (Reference)

Age

F (2,9,008) = 35.91***

F (2, 16,499) = 51.79***

F (2, 16,564) = 8.76***

< 65

11.4 (10.5, 12.5)
2.31 (1.80, 2.95)***

14.6 (13.9, 15.4)
1.79 (1.55, 2.07)***

6.2 (5.7, 6.8)
2.40 (1.91, 3.00)***

65–74

7.5 % (6.5, 8.7)
1.14 (0.87, 1.47)

11.2 (10.2, 12.2)
1.01 (0.86, 1.17)

3.3 (2.8, 3.9)
0.88 (0.68, 1.14

1.0 (Reference)

1.0 (Reference)

1.0 (Reference)

F (6,9,004) = 6.98***

F (9, 16,492) = 1.92*

F (9, 16,557) = 4.75***

–

15.7 (12.5, 19.6)
1.05 (0.76, 1.46)

5.7 (3.8, 8.4)
0.75 0(.45, 1.24)

14.6 (12.9, 16.6)
1.23 (0.88, 1.73)

13.7 (12.4, 15.0)
0.87 (0.70, 1.08)

3.8 (3.1, 4.5)
0.46 (0.33, 0.65)***

–

13.5 (10.1, 17.7)
0.83 (0.58, 1.22)

5.8 (3.7, 8.8)
0.72 (0.42, 1.24)

Ontario

8.9 (7.5, 10.4)
0.79 (0.56, 1.12)

12.9 (11.8, 14.2)
0.95 (0.77, 1.18)

5.9 (5.1, 6.9)
0.93 (0.68, 1.28)

Nova Scotia

7.4 (5.7, 9.5)
0.58 (0.38, 0.88)*

13.9 (12.0, 15.9)
0.93 (0.73, 1.18)

6.2 (5.0, 7.6)
0.84 (0.58, 1.21)

Newfoundland and
Labrador

6.0 (4.3, 8.3)
0.47 (0.30, 0.75)**

11.2 (9.3, 13.4)
0.76 (0.58, 0.99)*

4.4 (3.2, 5.9)
0.60 (0.39, 0.92)*

–

14.8 (11.7, 18.5)
0.90 (0.65, 1.25)

5.2 (3.4, 7.9)
0.63 (0.37, 1.05)

Manitoba

8.9 (6.8, 11.4)
0.72(0.48, 1.09)

14.9 (12.9, 17.2)
1.06 (0.83, 1.36)

5.8 (4.5, 7.4)
0.83 (0.56, 1.23)

British Columbia

10.8 (9.2, 12.7)
0.97 (0.69, 1.38)

15.2 (13.8, 16.8)
1.13 (0.91, 1.40)

6.2 (5.3, 7.3)
0.93 (0.66, 1.30)

>74
Province
Saskatchewan
Quebec
Prince Edward Island

New Brunswick

Alberta
Education

1.0 Reference

1.0 Reference

1.0 Reference

F (1,9,009) = 0.34

F (1, 16,500) = 2.43

F (1, 16,565) = 0.69
(Continued)
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TABLE 3 | Continued
Screening positive for psychological
distress vs. screening negative1
% (95% CI)
aORa (95% CI)

Screening positive for depression
vs. screening negative
% (95% CI)
aORa (95% CI)

Poor self-rated mental health vs.
good self-rated mental health
% (95% CI)
aOR a (95% CI)

F (21, 8,989) = 15.42***

F (24, 16,477) = 28.98***

F (24, 16,542) = 19.97***

Less than
post-secondary
degree/diploma

12.7 (11.0, 14.6)
1.06 (0.87, 1.29)

17.1 (15.8, 18.4)
1.10 (0.98, 1.23)

6.5 (5.7, 7.4)
0.93 (0.78, 1.11)

Post-secondary
diploma

1.0 Reference

1.0 Reference

1.0 Reference

F (3,9,007) = 13.08***

F (3, 16,498) = 37.31***

F (3, 16,563) = 26.20***

<$50,000/year

Household income

18.1 (16.1, 20.2)
2.56 (1.87, 3.50)***

22.9 (21.6, 24.4)
2.65 (2.16, 3.24)***

9.9 (8.9, 10.9)
3.48 (2.59, 4.86)***

≥$50 000, <$100,000
per year

10.9 (9.6, 12.2)
1.74 (1.31, 2.31)***

12.9 (11.9, 13.8)
1.61 (1.33, 1.94)***

5.4 (4.7, 6.0)
2.12 (1.55, 2.89)***

8.3 (6.9, 9.9)
1.36 (1.00, 1.86)*

11.1 (9.9, 12.4)
1.44 (1.76, 1.77)***

3.3 (2.7, 4.2)
1.30 (0.90, 1.86)

≥$100,000, <$150
000 per year
≥$150,000 year
Marital status
Non-married/noncommon-law
Married/common-law

1.0 Reference

1.0 Reference

1.0 Reference

F (1,9,009) = 11.52*

F (1, 16,500) = 85.17***

F (1, 16,565) = 42.98***

17.7 (15.7, 19.9)
1.41 (1.16, 1.72)**

24.4 (22.8, 26.0)
1.75 (1.56, 1.98)***

11.1 (9.9, 12.3)
1.82 (1.52, 2.18)***

1.0 Reference

1.0 Reference

1.0 Reference

Ethnicity

F (1,9,009) = 0.85

F (1, 16,500) = 3.16

F (1, 16,565) = 2.98

Other

14.4 (10.7, 19.2)
1.20 (0.82, 1.76)

17.8 (14.4, 21.8)
1.28 (0.98, 1.67)

4.3 (2.8, 6.6)
0.66 (0.41, 1.06)

1.0 Reference

1.0 Reference

1.0 Reference

White only

***Significant at P < 0.001. **Significant at P < 0.01. *Significant at P < 0.05 (two-tailed).
cohort only. a Controlled for age, province, education, household income, marital status and ethnicity, and the complexity of the design.

1 Comprehensive

4% of adult men in this Canadian population-based sample
reported having had a lifetime history of PCa diagnosis between
2010 and 2015 when the baseline for CLSA was collected.
This estimate is comparable to the 3.9% prevalence estimate
of lifetime history of PCa in Atlantic Canada (2009–2015)
characterized by similar demographic characteristics (e.g., age,
education, ethnicity, household income) (5). Results indicate
greater psychological distress and depressive symptoms among
Canadian men who reported a lifetime history of PCa diagnosis,
compared to men who had no history of a PCa diagnosis in
demographics-controlled analyses. To our knowledge, this is
the largest population-based study examining these associations.
Results corroborate findings from previous smaller sample
size investigations and indicate that mental health disorders
are significantly prevalent among prostate cancer survivors
compared to men who never had a prostate cancer diagnosis,
and support evidence that mental health care should be part
of prostate cancer survivorship plans (5–7). While a statistically
significant association between lifetime history of PCa diagnosis
and validated mental health outcomes (psychological distress and
depression) was observed, the status of lifetime history of PCa
was not associated with self-reported mental health. Adding and
holding constant the contribution of multimorbidity, smoking,
and alcohol use in covariate-adjusted analyses did not change
the association between lifetime history of PCa diagnosis and
depression or self-reported mental health, but it rendered the
association with psychological distress untenable. A scoping

with multimorbidity than those without. Men who identified
themselves as weekly drinkers had 1.52 (95% CI: 1.21, 1.91;
multiple imputation aOR = 1.62, 95% CI: 1.32, 1.98) and those
who identified themselves as daily drinkers had 1.59 (95% CI:
1.20, 2.09; multiple imputation aOR = 1.44, 95% CI: 1.18, 1.75)
greater odds of screening positive for psychological distress than
non-drinkers. Men who identified themselves as daily smokers
had 1.84 (95% CI: 1.43, 2.34; multiple imputation aOR = 1.82
(95% CI: 1.43, 2.30) times higher odds for screening positive
for psychological distress compared to men who identified
as non-smokers.
Last, lifetime history of PCa was not a statistically significant
contributor of poor self-rated mental health (aOR = 1.01; 95%
CI: 0.70, 1.45). Odds were 1.97 (95% CI: 1.67, 2.33) higher for
poor self-rated mental health among men with multimorbidity
than those without and were 1.58 (95% CI: 1.25, 2.01) times
higher for self-rated poor mental health among daily alcohol
drinkers compared to men who identified as non-drinkers. Last,
men who identified as daily cigarettes smokers had 1.54 (95%
CI:1.25, 1.89) times higher odds for self-rated poor mental health,
compared to non-cigarettes smokers.

DISCUSSION
To our knowledge, this is the first study to assess the
prevalence of PCa survivorship in Canada. Results indicate that
Frontiers in Psychiatry | www.frontiersin.org
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self-reported; thus, it is subject to challenges of accurate
recall and also survivor bias, reflecting largely determinants
of survival. Since the CLSA data does not capture the
date of the PCa diagnosis, survivorship time could not be
controlled for in the analyses and may have biased the
results. Second, the overall response proportion in the CLSA
data was ∼10% which (although adjusted for by the use
of population-based weights) may have introduced nonresponse bias (42). CLSA respondents were slightly more
educated than the non-responders (21). This bias could
have led to an underestimate of the prevalence estimate of
history of PCa diagnosis as adults with higher educational
attainment tend to live healthier and longer lives than their
counterparts (38).
Since multimorbidity and substance use increase the risk of
mortality, the proportion of cases with high multimorbidity and
heavy substance use may be lower in our data and could have led
to an underestimate of the odds ratios observed (51–53). While
a binary coding of multimorbidity with a cutoff score of two or
more comorbid conditions is common in two thirds of public
health studies, possible disease counts, rather than binary coding,
may be more appropriate, as suggested by a recent systematic
review (54).
Another limitation to our study is the amount of missing
data exceeding 5% for the psychological distress (K10) outcome
measure, which we addressed through MI and sensitivity
analyses. When psychological distress was assessed in a
model controlled for demographics, a statistically significant
relationship between the predictor and outcome emerged in
both original and MI with sensitivity analyses. However,
when multimorbidity and substance use were added to the
model in the original data set, the association between
lifetime history of PCa and psychological distress became
non-significant, while in MI data and sensitivity analyses,
the results were comparable to the single assessment of
the relationship between PCa survivorship and psychological
distress, controlled for demographic covariates. The use of a
second validated outcome measure (CES-D 10) adds confidence
to the MI and sensitivity analyses results for psychological
distress, although future studies should attempt to reproduce
these results. This study would have benefited from statistical
control of current medication for depression, anxiety, or both,
the presence of other mental health conditions, or past lifetime
history of such conditions. Future studies should consider
their inclusion.
Last, our design precludes us from differentiating between
men with lifetime history of PCa, men with a lifetime history of
any other type of cancer, and men who never had a history of
cancer, as our data access file contained a combined comparison
(control) group. Future studies may consider undertaking an
examination of various other control groups including other
types of cancer groups in addition to a no cancer diagnosis
control. In a recent study of over 6,000 men residing in Atlantic
Canada, it was found that survivors of PCa had more than
double the odds of screening positive for anxiety or depression
when compared to men from a pooled control group, similar
to ours, that included other cancer survivors and men who

review of the relationship between self-rated mental health and
validated measures of mental health (which includes K10) shows
that these measures, though related, should not be considered
equivalent or interchangeable because self-rated mental health
may be measuring people’s commonly held perception of mental
health and may reflect equating the question to mean whether
or not the individual looked for mental health help or resources
available in their community (46). Compounding this issue
is evidence showing that, compared to women, men tend to
report less self-perceived mental health disorders, although the
rates of social isolation and suicide are higher among men
compared to women (47). These differences may point to the
possibility of less communication or verbalization of mental
health problems among men, and/or more issues of shame
or guilt around acknowledging these problems among men.
The present findings caution us to be particularly attentive to
symptoms of mental health among men when they are observed.
They further emphasize the importance of including validated
questionnaires in PCa survivorship plans to assess mental health
disorders among PCa during their survivorship journey. The
implementation of innovative and integrative patient education
and empowerment plans through holistic interventions that
aim to ease the psychosocial and physical needs (e.g., loss of
sexual function, urinary leakage, feeling disconnected from their
intimate partner and close family and friends, lack of sleep, and
fatigue) of these survivors is warranted (48, 49). These programs
share the common goal of fostering networks of healthcare
professionals, researchers, and patient representatives to improve
the quality of life of survivors of PCa and intervene early after the
diagnosis when most of these survivorship needs emerge (49).
The observed results extend the current literature by showing
that PCa survivors may deal with higher levels of depression
than men without a lifetime history of PCa diagnosis, even when
demographic characteristics and factors known to be associated
with poorer mental health outcomes in the general population,
such as multimorbidity, alcohol use, and smoking, are statistically
controlled (5–10). These results are consistent with results,
reported in the literature among smaller sample size populations,
that indicate higher odds of depression among survivors of PCa
compared to men in the population who do not have a history
of PCa (5–7). Results that we report are also consistent with
the literature showing that men with higher multimorbidity,
or who are frequent current drinkers or smokers, have higher
odds for screening positive for mental health disorders compared
to those without these conditions (15, 16, 18). Future studies
should examine the possibility of interactive effects between these
factors and the presence or absence of PCa diagnosis, and their
contribution to mental health disorders among men.
Covariate results from our final analysis also indicate that
younger age, not being currently in a relationship, lower
household income, and residing in Atlantic Canada may be
placing men at higher odds of mental health disorder than being
of older age, being currently in a relationship, of over 150,000$ in
household income and residing in Alberta. These results are not
surprising and are comparable to other studies (5, 11, 20, 50, 56).
The results reported here, however, are not without
limitations. First, the nature of the data is retrospective and
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never had a history of cancer diagnosis combined (5). In
a subsequent study, the researchers split their control group
and found odds 2.60 times higher for screening positive for
depression symptoms among men with a lifetime history of
PCa compared to men with a history of any other form of
cancer (54). No statistically significant differences emerged when
men with other forms of cancer were compared with men who
did not report a history of any type of cancer during their
lifetime (55). Future studies should consider expanding their
control group to other cancer sites. Taken together, these results
corroborate the existing literature that mental health disorders
are particularly prevalent among PCa survivors and strengthen
the recommendation of including mental health assessments
in diagnosis to treatment and survivorship care plans for this
population (5, 49, 55).
Despite these enumerated limitations, the results reported
here provide important contributions to the literature and
information for survivorship clinical care teams for this
population. Here we provide evidence of poor mental health
outcomes among Canadian men with a history of PCa diagnosis
by examining CLSA data from a large national population-based
survey that used a standard protocol. Another strength to this
study is the use of two validated mental health measures, CESD 10 and K10, in addition to a measure of self-reported mental
health, which allowed us to capture different dimensions of the
mental health construct. Another important consideration is that
we were able to capture 26 chronic conditions for inclusion in
our multimorbidity variable. In contrast, many previous studies
examining multimorbidity in the Canadian population were
based on only a limited number of chronic conditions (56).
Future CLSA longitudinal data should be used to assess
temporal changes in the prevalence of mental health outcomes
among men with a history of a PCa diagnosis. Future cycles
of CLSA data could be used to identify incident cases of PCa,
which will also allow for a comparison between the mental health
outcomes of newly diagnosed men (incident cases) and those
of men with a lifetime history of a PCa diagnosis at baseline.
Future studies may also wish to examine the extent to which
unhealthy lifestyles are factors that lead to the development of
prostate cancer or emerge after the diagnosis as unhealthy coping
mechanisms, or both.
In conclusion, data from a nationally representative sample of
men indicate that those with a lifetime history of PCa diagnosis
have worse mental health outcomes than those with no history
of PCa diagnosis, when literature-derived relevant contributing
factors to poor mental health outcomes in the population are held
constant. These results are important because, taken together
with other recent reports in the literature, they point out to
a need that is currently unacknowledged and unaddressed in
PCa survivorship care plans throughout Canada or elsewhere
in the world (5–7, 49, 55). Leaving mental health needs
unattended leads to poor quality of life among PCa survivors,
poor oncological outcomes, and could potentially burden health
care systems (6–11). In light of the current and recent studies,
the necessity of assessing patients’ needs as they emerge after
the diagnosis and treatment, understanding the role treatment
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modalities play in their development, and creating survivorship
care plans that address these needs including earlier interventions
in the form of pre-habilitation as well as survivorship programs
is evident (11, 20, 57, 58).
Results observed here, point to the need to develop
multidisciplinary survivorship care teams that include mental
health care experts who can diagnose and treat patients and
survivors in need of mental health support. They also point
to the need to develop patient education and empowerment
interventions for programs and survivors that address directly
their psychosocial oncological needs, including, but not limited
to, unmet emotional needs (e.g., loss of sexual function and
unmet intimacy needs), social isolation, and lack of social support
(11, 20, 49, 59). Results here indicate that preventative efforts
to reduce the mental health burden during PCa survivorship
are warranted.
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