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Abstract
Objective: Prostate and skin cancer are among the most 
prevalent forms of cancer among men and have favorable 
survival rates compared to other, more aggressive forms of 
cancers. Recent studies have shown that the odds of depres-
sion among men with a lifetime history of prostate cancer 
are higher compared to men without a lifetime history of 
prostate cancer. Here we extend previous findings and ex-
amine the role of socioeconomic status in the relationship 
between depression and cancer survivorship status in a pop-
ulation-based sample of men from Atlantic Canada. Meth-
ods: A cross-sectional analysis was conducted on a subsam-
ple of 6,585 male participants aged 49–69 years from the 
2009–2015 survey cycle of the Atlantic PATH study. The pri-
mary outcome was screening positive for mild, moderate or 
severe depression using the Patient Health Questionnaire 
(PHQ-9). The main predictor variable was cancer survivor-
ship status (the presence of a lifetime history of prostate can-
cer, skin cancer, forms of cancer other than prostate or skin 

cancer, or absence of a lifetime cancer diagnosis). Covariates 
included age, education, marital status, household income, 
province, ethnicity, comorbidity, and survivorship time. Re-
sults: An estimated 14.7% of men in this sample screened 
positive for mild, moderate or severe depression. Men with 
a history of prostate cancer were 2.60 (95% CI: 1.02, 6.65) 
times more likely to screen positive for depression than men 
with a history of any other form of cancer. The odds ratios 
were 10.23 (95% CI: 2.82, 37.49) or 4.00 (95% CI: 1.20, 13.34) 
times higher for survivors of prostate or skin cancer who re-
ported a low household income to screen positive for de-
pression compared to men with a history of any other form 
of cancer and high household income. Conclusions: These 
results extend current evidence of the association between 
prostate cancer survivorship and depression compared with 
men who never had a history of cancer diagnosis by indicat-
ing that this association still stands when the survivors of 
prostate cancer are compared to survivors of any other form 
of cancer, and further indicates that this association is mod-
erated by household income. The findings highlight the im-
portance of delivering mental health screening and support 
to prostate cancer survivors during the cancer journey, espe-
cially those with low household incomes.

© 2021 S. Karger AG, Basel
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Introduction

Mental health is a key component of cancer survivor-
ship and there is a vital need to consider its impacts 
throughout the entire cancer journey [1]. Anxiety and de-
pression are the most common psychological conditions 
affecting cancer patients and survivors by impacting 
overall quality of life, increasing risk of mortality, and 
negatively influencing treatment compliance, disease 
progression, and oncological outcomes [2–5]. Adults 
with cancer or a history of cancer more often experience 
health impairment, disability, fatigue, pain, comorbidi-
ties, limitations in daily functioning and other disabili-
ties, an inability to work, and poorer self-rated health out-
comes than those without cancer [1, 5].

Cancer patients and survivors may experience feelings 
of worry, loss of control, anger, sadness, confusion, and 
fear, as well as anxiety, mood disturbance, and changes in 
body image and in sexual and reproductive function [6]. 
The prevalence of anxiety and distress can vary by type of 
cancer, survivorship time, and sociodemographic vari-
ables such as age, gender, ethnicity, education, and house-
hold income [5, 6]. For instance, while it is well estab-
lished that household income directly impacts health out-
comes across populations, including cancer survival, 
there has been less research focused on the association 
between income-related disparities and cancer survivors’ 
quality of life [7–9]. This is particularly relevant when 
considering the long-term physical and psychological im-
pact that cancer survivors experience which may directly 
impact their income [10]. Income constraints have been 
identified as a common barrier to symptom management 
and have a significant impact on the quality of life of sur-
vivors and their partners and caretakers [11].

While skin cancer is commonly diagnosed in Canada, 
this includes both melanoma and non-melanoma cases. 
Non-melanoma cases represent approximately 30% of all 
new cancer cases but are not accurately recorded as part 
of cancer surveillance programs and have 5-year relative 
survival rates of 100% for basal cell carcinoma and 95% 
for squamous cell carcinoma [12, 13]. Considered with-
out non-melanoma cases, melanoma skin cancer repre-
sents the seventh most commonly diagnosed cancer in 
Canada, and also has high rates of early detection, treat-
ment and survival [14, 15].

In Canada, prostate cancer has very high survival rates 
and it is the most commonly diagnosed cancer among 
males, with 1 in 9 men expected to be diagnosed in their 
lifetime and accounting for 20% of new cancer cases [15]. 
While prostate cancer accounts for 10% of overall cancer 

deaths among men, the survival rates for men with local-
ized cancer are very high, with 99% surviving at least 5 
years after diagnosis [16], and 98% surviving for at least 
10 years [17].

The incidence and survival rates associated with pros-
tate cancer highlight the importance of the overall quality 
of life and well-being of men during survivorship. We 
have previously established that there are increased rates 
of anxiety and depression among men with a history of 
prostate cancer compared to men without a lifetime his-
tory of a prostate cancer diagnosis [18–20]. We expand 
upon this work first by comparing depression outcomes 
among men with a lifetime history of prostate cancer di-
agnosis, skin cancer, or no lifetime history of cancer di-
agnosis with those with a diagnosis of any other type of 
cancer except prostate or skin cancer in a population-
based sample of men from Atlantic Canada. We then con-
sider the role of socioeconomic status in moderating the 
relationship between depression and status of history of 
cancer diagnosis among men with prostate, skin and no 
history of cancer diagnosis compared to those with other 
forms of cancer diagnoses during their lifetime. Atlantic 
Canada is an ideal location to conduct this research, with 
both an aging population and the presence of the highest 
rates of cancer, including prostate cancer, in the country 
[16, 21].

Subjects and Methods

This study is based on an analytical sample of 6,585 men (aged 
49–69 years, M = 58.94) residing in Atlantic Canada who were sur-
veyed over a span of 6 years (2009–2015) by the Atlantic Partner-
ship for Tomorrow’s Health (Atlantic PATH). The data from this 
project are part of a larger, pan-Canadian longitudinal cohort 
study examining the genetic, environmental and behavioral con-
tributions to the development of cancer and chronic disease [22]. 
All procedures performed in this study were in accordance with 
the ethical standards of the institutional ethics committee (Dal-
housie University; Project 2018-4462). The survey was conducted 
according to the ethics standards and principles of the World Med-
ical Association Declaration of Helsinki guidelines for human 
studies. All participants had provided written informed consent 
prior to participating in the study. The participants completed a 
set of paper-and-pencil standardized surveys on sociodemograph-
ic characteristics, health history, and lifestyle factors, and they pro-
vided physical measures and biological samples. The recruitment 
and data collection procedures have been described elsewhere [21, 
23].

Measures
Depression. The outcome measure was assessed using the Pa-

tient Health Questionnaire (PHQ-9). This is a self-reported 9-item 
questionnaire assessing behaviors over a period of 2 weeks, based 
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on the Primary Care Evaluation of Mental Disorders (PRIME-
MD) diagnostic instrument and 9 DSM-V criteria that measure 
positive screening for depression [24]. The items use a 4-point Lik-
ert scale, weighted from 0 to 3, with responses ranging from “not 
at all,” “several days,” and “more than half the days” to “nearly ev-
ery day,” respectively [24–26]. Scores on the PHQ-9 can range be-
tween 0 and 27. Scores below 5 indicate good mental health, while 
scores between 5 and 9, 10 and 14, 15 and 19, and 20 and 27 indi-
cate scoring positive for mild, moderate, moderately severe or se-
vere depression symptoms, respectively. To ensure adequate cases, 
the scores on the PHQ-9 were binarily coded to depict the absence 
or presence of depression symptoms (scores <5 were coded 0, 
while scores ≥5 were coded 1).

Lifetime History of Cancer Diagnosis. The participants were 
asked to identify if they had ever been diagnosed with cancer and 
the type of cancer they had been diagnosed with. The types of can-
cer indicated included cancer of the bladder, brain, breast, colon, 
esophagus, kidney, and larynx; leukemia; cancer of the liver and of 
the lung and bronchus; non-Hodgkin’s lymphoma; cancer of the 
pancreas, prostate, rectum, skin, stomach, thyroid, and trachea; 
and other cancers. Given the small cell counts on the outcome vari-
able with most cancer types, with the exception of prostate (coded 
1) and skin (coded 2) cancer, all other types of cancer were placed 
in one category (coded 3). It should be noted that skin cancer could 
not be distinguished between melanoma and non-melanoma. The 
absence of a lifetime history of cancer was coded 4.

Covariates. Seven covariates were modeled to keep the design as 
similar as possible with that of Ilie et al. [18] to facilitate compari-
son. These covariates included age (39–49 or 50–69 years), relation-
ship status (married or living with a partner; or divorced, widowed, 
separated, or single, never married), current province of residence 
(Nova Scotia, New Brunswick, Prince Edward Island, Newfound-
land, and Labrador), education level (high-school or less; commu-
nity college, trade or non-university certificate; undergraduate de-
gree; or graduate degree), household income (under CAD 50,000; 
CAD 50,000–99,999; or CAD 100,000 and above), comorbidities 
(none, one, two or more), and ethnicity (Caucasian/White; or non-
White). To ensure that our findings were not influenced by any 
changes in sample attributes across months of survivorship, we also 
controlled for survivorship time (months elapsed between the date 
of the first cancer diagnosis and survey completion).

Statistical Analyses
All analyses were performed using SPSS v.25. Cross-tab analy-

ses were used to first assess the association between current depres-
sion status (binary) and history of cancer and the covariates. Lo-
gistic regression analyses were used to examine the relationship 
between the presence or absence of prostate, skin or other type of 
cancer or no cancer and depression in uncontrolled and controlled 
(age, relationship status, education, province of residence, house-
hold income, ethnicity, comorbidity, and survivorship time) anal-
yses. A priori logistic regression analyses were used to assess the 
interaction between history of cancer diagnosis and each of the 
covariates and outcome (not controlled for covariates). None ex-
cept the interaction with household income emerged. A second 
logistic regression assessed the role of this interaction in depres-
sion in a covariate-controlled analysis. All tests were one-tailed 
with statistical significance considered at p < 0.05.

The missing-data rates across the depression were 32.9% (n = 
2,168 missing) for depression, 37.7% (n = 2,483 missing) for his-

tory of cancer diagnosis (prostate, skin, or other), 6.5% (n = 425) 
for household income, 4.5% (n = 296) for ethnicity, 0.4% (n = 29) 
for education, 0.4% (n = 25) for province, 0.5% (n = 30) for comor-
bidities, and 0.4% (n = 27) for marital status. No missing data were 
noted for age or survivorship time. Little’s MCAR χ2(234) = 
2,479.91, p < 0.001, indicated that data for variables missing more 
than 5% were not missing at random. Multiple imputation (MI) 
through the iterative Markov chain Monte Carlo (MCMC) algo-
rithm (fully conditional specification-FCS) was performed using 
SPSS v.25 in order to supplement missing data analyses and add 
confidence to the results obtained. The MCMC method can be 
used when the pattern of missing data is arbitrary. For each itera-
tion, 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 maxi-
mum number of iterations is reached. For each of our analyses us-
ing MI, sensitivity analyses were performed to determine how the 
missing data affected the results. A random-number generator was 
used to generate a number of imputations between 33 and 100 (73 
selected) as per literature recommendations [27].

Sensitivity Analyses
Sensitivity analyses were conducted in order to determine if 

our results depended on how the missing data were handled [28]. 
The results were pooled in a summary analysis following MI with 
the full MI data set (n = 6,585) and were compared with the listwise 
exclusion original data set analysis (n = 4,417) responses for the 
outcome of interest. The MI results are presented alongside the 
non-MI results below and were found comparable.

Results

An estimated 14.7% (n = 651) of men screened positive 
for mild to severe depression. Table 1 presents the history 
of cancer diagnosis and sociodemographic characteristics 
of the sample. An estimated 25.8% of men with a history 
of prostate cancer, 10.1% of men with a history of skin 
cancer, 16.7% of men with other types of cancer, and 
13.8% of men with no history of cancer screened positive 
for mild to severe depression.

Table 2 displays the results of the logistic regression 
analysis (original and MI pooled data sets) evaluating the 
relationship between history of cancer diagnosis and de-
pression with covariate adjustment. Prostate cancer sur-
vivors statistically significantly had 2.60 (ORMI = 1.89) 
times higher odds of screening positive for current mild 
to severe depression than men with a history of any other 
form of cancer. Men with a lifetime history of skin or no 
cancer diagnosis did not differ statistically significantly 
on depression screening from those with a history of oth-
er forms of cancer. Younger men (49–59 years old) statis-
tically significantly had 2.13 (ORMI = 1.96) times higher 
odds of screening positive for current depression than 
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older men (60–69 years old). Men with a household in-
come lower than CAD 50,000 a year and those with a 
household income of CAD 50,000–99,000 a year statis-
tically significantly had 2.21 (ORMI = 1.62) and 1.70 
(ORMI = 1.31) times higher odds for screening positive for 
depression, respectively, than men presenting with a 
higher household income. Men with one comorbidity 
and those with two or more comorbidities also had 1.62 
(ORMI = 1.61) and 2.63 (ORMI = 2.99) times higher odds 

of screening positive for depression than those without 
comorbidities. Lastly, men who identified as being di-
vorced, widowed, separated, or single/never married sta-
tistically significantly had 1.63 (ORMI = 1.34) times high-
er odds for screening positive for depression than men 
who identified as being married or currently in a relation-
ship. Education, province, ethnicity, and survivorship 
time since diagnosis did not contribute significantly to 
the model.

Table 1. Pearson χ2 analyses predicting depression symptoms by history of cancer diagnosis, age, household 
income, education, province, ethnicity, current marital status, and comorbidity among adult men residing in 
Atlantic Canada, aged 49+ years, between 2009 and 2015, for original data (n = 4,417 for depression symptoms)

No depression symptoms 
(n = 3,766; 85.3%), n, %

Screening positive for mild, 
moderate or severe depressive 
symptoms (n = 651; 14.7%), n, %

History of cancer diagnosis (n = 2,118; χ2(3) = 9.05*)
Prostate 46, 74.2 16, 25.8
Skin 89, 89.9 10, 10.1
Other 100, 83.3 20, 16.7
None 1,583, 86.2 254, 13.8

Age (n = 4,117; χ2(3) = 27.94***)
49–59 years 1,921, 82.6 405, 17.4
60–69 years 1,845, 88.2 246, 11.8

Household income (n = 4,168; χ2(3) = 27.72***)
CAD <50,000 657, 79.9 165, 20.1
CAD 50,000–99,999 1,509, 84.8 271, 15.2
CAD ≥100,000 1,378, 88.0 188, 12.0

Education (n = 4,402; χ2(3) = 19.27***)
High school or less 848, 82.7 178, 17.3
Community college 1,381, 83.9 265, 16.8
Undergraduate degree 838, 87.4 121, 12.6
Graduate degree 685, 88.8 86, 12.6

Province (n = 4,402, χ2(3) = 1.60)
Nova Scotia 2,499, 85.1 439, 14.9
New Brunswick 761, 86.6 118, 13.4
Prince Edward Island 70, 86.4 11, 13.6
Newfoundland and Labrador 426, 84.5 78, 15.5

Ethnicity (n = 4,176; χ2(3) = 19.27*)
Other 179, 80.3 44, 19.7
Caucasian 3,392, 85.8 561, 14.2

Current marital status (n = 4,410; χ2(3) = 19.94***)
Divorced or single 375, 78.5 103, 21.5
Married or with partner 3,386, 86.1 546, 13.9

Comorbidities (n = 4,407; χ2(3) = 92.98***)
None 2,128, 89.0 264, 11.0
One 1,154, 84.0 220, 16.0
Two or more 474, 73.9 641, 26.1

Survivorship time (n = 4,417; χ2(53) = 87.55**)
Number of months since diagnosis

(0–69 months), n, M (SD) 3,766, 55.97 (13.20) 651, 53.32 (13.38)

*** p < 0.001, ** p < 0.01, * p < 0.05, two-tailed test.
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The interaction terms between the predictor and the 
covariates who were identified to have a statistically sig-
nificant association with depression screening status (age, 
household income, multimorbidity, and marital status; 
Table 2) were each evaluated in a binary logistic regres-
sion predicting depression, and were found to be not sta-

tistically significantly associated with the outcome (p > 
0.05), except for household income (χ2(1) = 22.8, p < 
0.001). Table 3 presents the results of the binary logistic 
regression evaluating the interaction term between his-
tory of cancer diagnosis and household income while 
controlling for the covariates. Men who identified as hav-

Table 2. Binary logistic regression analysis predicting depression symptoms by the history of cancer and covariates 
among adult men residing in Atlantic Canada, aged 49+ years, between 2009 and 2015, for original data (n = 
4,168 depression symptoms) and multiple imputation pooled data (nMI = 6,585 for depression symptoms)

Screening positive for mild, moderate or severe depression 
symptoms (reference: no depression symptoms)

n = 4,168a

OR (95% CI)
n = 6,585b

ORMI (95% CI)

χ2(17) = 81.58***
History of cancer diagnosis χ2(6) = 6.80*

Prostate 2.60 (1.02, 6.65)* 1.89 (1.09, 3.26)*
Skin 0.73 (0.28, 1.91) 0.69 (0.29, 1.66)
No cancer 0.89 (0.29, 2.75) 1.14 (0.38, 3.38)
Other cancer types 1.0 reference 1.0 reference

Household income (annual) χ2(6) = 14.61**
CAD <50,000 2.21 (1.44, 3.39)*** 1.62 (1.23, 2.14)**
CAD 50,000–99,999 1.70 (1.21, 2.39)** 1.31 (1.04, 1.64)*
CAD ≥100,000 1.0 reference 1.0 reference

Age χ2(1) = 17.28***
49–59 years 2.13 (1.49, 3.04)*** 1.96 (1.52, 2.52)**
60–69 years 1.0 reference 1.0 reference

Education χ2(3) = 2.96
High school or less 0.98 (0.60, 1.59) 1.34 (0.99, 1.81)
Community college 0.86 (0.56, 1.31) 1.24 (0.94, 1.62)
Undergraduate degree 0.70 (0.43, 1.14) 1.05 (0.78, 1.42)
Graduate degree 1.0 reference 1.0 reference

Province χ2(3) = 0.51
Nova Scotia 1.11 (0.76, 1.63) 1.20 (0.90, 1.59)
New Brunswick 1.01 (0.70, 1.45) 0.93 (0.68, 1.28)
Prince Edward Island 0.94 (0.43, 2.43) 0.99 (0.48, 2.04)
Newfoundland and Labrador 1.0 reference 1.0 reference

Ethnicity χ2(1) = 0.15
Other 1.11 (0.65, 1.90) 1.44 (1.00, 2.07)
Caucasian 1.0 reference 1.0 reference

Current marital status χ2(1) = 5.22*
Divorced or single 1.63 (1.07, 2.48)* 1.34 (1.04, 1.74)*
Married or with partner 1.0 reference 1.0 reference

Comorbidities χ2(2) = 28.05***
One 1.62 (1.19, 2.22)** 1.61 (1.32, 1.96)***
Two or more 2.63 (1.82, 3.78)*** 2.99 (2.37, 3.75)***
None 1.0 reference 1.0 reference

Survivorship time χ2(1) = 0.23
Number of months since diagnosis 1.00 (0.98, 1.03) 0.99 (0.97, 1.01)

*** p < 0.001, ** p < 0.01, * p < 0.05, two-tailed test. a Original data. b Multiple imputation pooled data based 
on 73 imputations.
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ing had a history of prostate cancer diagnosis and a house-
hold income below CAD 50,000 a year statistically sig-
nificantly had odds that were 10.23 (ORMI = 6.86) and 
4.00 (ORMI = 2.35, ns.) higher for screening positive for 
current depression than men with a history of other forms 
of cancer diagnosis and those with an annual household 

income of CAD 100,000 or more, respectively. Men with-
out a lifetime history of cancer who identified as current-
ly having a low (below CAD 50,000) or a moderate house-
hold income (CAD 50,000–99,999) annually also statisti-
cally significantly had 2.02 (ORMI = 1.54) or 1.87  
(ORMI = 1.33) times higher odds of screening positive for 

Table 3. Binary logistic regression analysis predicting depression symptoms by the interaction between history 
of cancer and household income, and covariates among adult men residing in Atlantic Canada, aged 49+ years, 
between 2009 and 2015, for original data (n = 4,168 depression symptoms) and multiple imputation pooled data 
(nMI = 6,585 for depression symptoms)

Screening positive for mild, moderate or 
severe depression symptoms (reference: no 
depression symptoms)

n = 4,168a

OR (95% CI)
n = 6,585b

ORMI (95% CI)

χ2(18) = 91.47***
Type of history of cancer diagnosis × annual household income χ2(6) = 31.04***

Prostate × CAD <50,000 10.23 (2.82, 37.49)** 6.86 (2.01, 23.39)**
Prostate × CAD 50,000–99,999 1.53 (0.39, 6.02) 1.70 (0.60, 4.81)
Skin × CAD <50,000 4.00 (1.20, 13.34)* 2.35 (0.86, 6.36)
Skin × CAD 50,000–99,999 0.43 (0.10, 1.96) 0.41 (0.10, 1.73)
No cancer × CAD <50,000 2.02 (1.27, 3.20)** 1.54 (1.16, 2.06)**
No cancer × CAD 50,000–99,999 1.87 (1.32, 2.66)*** 1.33 (1.07, 1.68)*
Other cancer × CAD ≥100,000 1.0 reference 1.0 reference

Age χ2(1) = 18.33***
49–59 years 1.98 (1.45, 2.70)*** 1.93 (1.59, 2.34)***
60–69 years 1.0 reference 1.0 reference

Education χ2(3) = 4.06
High school or less 0.95 (0.59, 1.53) 1.32 (0.98, 1.78)
Community college 0.83 (0.54, 1.28) 1.24 (0.94, 1.64)
Undergraduate degree 0.94 (0.43, 2.05) 1.02 (0.76, 1.39)
Graduate degree 1.0 reference 1.0 reference

Province χ2(3) = 0.56
Nova Scotia 1.10 (0.75, 1.62) 1.19 (0.90, 1.57)
New Brunswick 0.99 (0.69, 1.43) 0.92 (0.67, 1.27)
Prince Edward Island 0.94 (0.43, 2.05) 0.93 (0.46, 1.94)
Newfoundland and Labrador 1.0 reference 1.0 reference

Ethnicity χ2(1) = 0.31
Other 1.16 (0.68, 1.99) 1.43 (1.00, 2.04)
Caucasian 1.0 reference 1.0 reference

Current marital status χ2(1) = 4.87*
Divorced or single 1.61 (1.06, 2.46)* 1.35 (1.05, 1.75)*
Married or with partner 1.0 reference 1.0 reference

Comorbidities χ2(2) = 28.74***
One 1.60 (1.17, 2.20)** 1.60 (1.31, 1.94)***
Two or more 2.67 (1.85, 3.84)*** 2.96 (2.36, 3.72)***
None 1.0 reference 1.0 reference

Survivorship time χ2(1) = 0.27
Number of months since diagnosis 1.00 (0.99, 1.01) 0.99 (0.98, 1.00)

*** p < 0.001, ** p < 0.01, * p < 0.05, two-tailed test. a Original data. b Multiple imputation pooled data based 
on 73 imputations.
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current depression, respectively, than men without a his-
tory of cancer diagnosis and an annual household income 
of CAD 100,000 or more. Men of younger age and those 
who identified as being divorced, widowed, separated, or 
single/never married statistically significantly had 1.98 
(ORMI = 1.93) and 1.61 (ORMI = 1.35) times higher odds 
for screening positive for depression, respectively, than 
men who identified as being of older age and those who 
were married/in a relationship, respectively. Men with 
one comorbidity and those with two or more comorbidi-
ties also had 1.60 (ORMI = 1.60) and 2.67 (ORMI = 2.96) 
times higher odds of screening positive for depression 
than those without comorbidities. Education, province, 
ethnicity, and survivorship time since diagnosis did not 
statistically significantly contribute to changes in out-
come in this model.

Discussion and Conclusions

In two recent large population-based studies, statisti-
cally significantly higher odds of 1.24 (Canada) and 2.05 
(Atlantic Canada) were identified for depressive symp-
toms among men with a lifetime history of prostate can-
cer, compared to men without a lifetime history of pros-
tate cancer [18, 19]. This work extends the current litera-
ture by establishing that prostate cancer survivors had 
10.23 times (ORMI = 6.86 times) higher odds of depressive 
symptoms than survivors of other types of cancer (other 
than prostate and skin cancer). To our knowledge, this is 
the first large population-based study to examine differ-
ences between these two groups. It is also the first study 
to compare depressive symptoms between skin cancer 
survivors and survivors of other types of cancer. The re-
sults point to higher odds of depressive symptoms among 
male skin cancer survivors compared to other male can-
cer survivors. However, pooled MI iterations addressing 
missing data in the outcome variable produced inconclu-
sive results (ORMI = 2.35, ns).

Coupled with the high incidence and survival rates, 
numerous factors have been identified as playing a par-
ticular role in the mental health outcomes experienced by 
men with a history of prostate cancer compared to other 
types of cancer, including physical symptoms (e.g., uri-
nary incontinence), treatment side effects (e.g., erectile 
dysfunction), anxiety related to potential reoccurrence, 
and perceptions of masculinity [3, 18]. The current study 
highlights the importance of the role of household in-
come and mental health among cancer survivors.

It is well established that household income affects 
health outcomes, but less attention has been paid to the 
role of income on mental health – in particular, among 
cancer survivors [11]. Short and Mallonee [9] established 
that there are income-related disparities in the quality of 
life among cancer survivors; those with higher incomes 
are more likely to have better cancer outcomes, but also 
experience better quality of life, than those with lower in-
comes. Mental health is a critical component of health-
related quality of life for cancer survivors, and the role of 
household income must be considered in survivorship 
care and research [10, 11].

Low levels of household income are associated with 
an increased risk of detrimental mental health out-
comes [29, 30]. We have found that this is further com-
pounded among cancer survivors, supporting the lim-
ited research among specific groups of cancer survi-
vors, including colorectal cancer and breast cancer 
survivors [7, 10, 11, 29, 31]. Our specific focus on pros-
tate cancer survivors further contributes to work high-
lighting the vulnerability of this population [3, 18, 19] 
by demonstrating an increased likelihood of depression 
compared to men with other forms of cancer and 
healthy controls, and that this association is moderated 
by household income. The men with a history of pros-
tate cancer in this sample had more than double the 
odds of depression than men with any other form of 
cancer. Furthermore, men with lower annual house-
hold incomes (CAD <50,000 and CAD 50,000–99,000) 
had 2.21 and 1.70 times higher odds of depression, re-
spectively, than those with higher income levels. Re-
search conducted on breast, colorectal and head and 
neck cancer survivors indicates that low income con-
tributes to lower participation in social events or en-
gagement in social support activities, which may exac-
erbate feelings of isolation, leading to depression [32–
35]. The results of the current study address the paucity 
of data on men’s survivorship and mental health re-
search that can help in better understanding these as-
sociations and informing survivorship plans with evi-
dence-based findings to prevent their negative effects.

Our findings are also concordant with those that high-
light the impact of a prostate cancer diagnosis on both 
younger (<65 years) and unpartnered men [3, 36]. The 
younger men in our sample had 2.13 times higher odds of 
depression than the older men, and the unpartnered men 
had 1.63 times higher odds. Matheson et al. [36] found 
that both younger and unpartnered men experience bio-
graphical disruption, a sense of marginalization, isola-
tion, and stigma. Younger men, in particular, may experi-
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ence anxiety and/or depression related to incontinence 
and sexual dysfunction, as compared to older men, who 
may consider the side effects as a consequence of aging. 
Similarly, the authors found that unpartnered men re-
ported poorer quality of life and survival outcomes. Un-
partnered men may rely on individual and non-partner 
sources of support and may experience feelings of insecu-
rity related to body image, identity, infertility, and mas-
culinity compared to men with partners. Unpartnered 
men may also be concerned about disclosure and sexual 
function in future relationships [36].

This work also serves to highlight the role of multi-
morbidity in depressive symptoms [37]. In our popula-
tion, the men with a history of prostate cancer and one or 
two or more comorbidities had 1.62 and 2.63 times high-
er odds of depression, respectively, than those with no 
comorbidities. This finding poses a particular concern in 
areas such as Atlantic Canada, which has the highest rates 
of cancer, other chronic diseases, and multimorbidity in 
the country [16, 21, 37–39]. It is also especially relevant 
to men with a history of prostate cancer, who have high 
survival rates and are more likely to develop comorbidi-
ties as they age [3].

Research evidence suggests stressful life events can 
contribute to the onset of depression by means of dys-
regulating the immune response and disturbing the sensi-
tive interplay among these systems [40]. Surgical and/or 
radiation therapy complications, together with hormonal 
therapy, pose significant challenges to patients and may 
contribute, by means of the stress response they elicit, to 
the onset of mental distress and depression [41]. Stressors 
such as urinary incontinence, erectile disfunction (total 
or partial), and worries about sexual function and inti-
macy have also been shown to increase mental distress 
among patients and survivors of prostate cancer [42, 43]. 
Future studies should consider investigating the role of 
stress and the negative emotions they elicit in the rela-
tionship between prostate cancer survivorship and the 
development of depression, quality of life, and possible 
downstream immunological influences on survival rates.

In this study, ethnicity did not appear to play a signif-
icant role in our observed outcome. However, other stud-
ies have found that men with a current prostate cancer 
diagnosis with a Hispanic ethnicity and a low household 
income reported poor mental health [44] and highlighted 
the role of ethnicity and household income in pre- and 
post-treatment disparities in urinary, sexual and bowel 
quality of life [45]. These results may reflect the lack of 
ethnic diversity in our sample and the geographic area 
from which our sample is derived (few Hispanics are liv-

ing in Canada’s Atlantic Provinces). The majority of the 
Atlantic Canada population is White (95%, of British and 
Irish decent and 2% of Frech decent), with the remaining 
population made up of First Nations and other ethnic 
groups (3%) [21].

Research approaches have assumed that men’s mental 
health can be explained in the same terms as women’s, or 
can be assessed and estimated using the same measures. 
For instance, oncology conferences often lack a presenta-
tion or focus section on men’s mental health or quality of 
life. The mental health of men is often overlooked due to 
inadequate survey assessments of men’s experiences and 
clinicians’ subconscious tendency to overlook or not ac-
tively seek to assess male distress. This has led to under-
estimates of the prevalence of depression and anxiety 
among men. Interdisciplinary and comprehensive inves-
tigations and evidence of depression among men with a 
lifetime history of prostate cancer are only now emerging 
and beginning to be recognized. This highlights the im-
portance of applying a sex- and gender-based analysis to 
men’s health and mental health research. Recent studies 
have demonstrated how essential it is to also focus on 
men’s health exclusively, just as they focus on women’s 
health, and that there is a scientific justification for this 
need [18, 19, 38].

Our participants with a history of skin cancer had sim-
ilar odds of depressive symptoms to those with other 
forms of cancer. We anticipated this, given the high sur-
vival rates and the inclusion of both melanoma and non-
melanoma cases in our sample. Bath-Hextall et al. [46] 
found that although non-melanoma skin cancer patients 
experienced higher anxiety with a diagnosis than mela-
noma skin cancer patients, they were not more depressed 
or anxious than the overall population, and their quality 
of life improved over a period of 1 year after diagnosis. In 
this study, the odds of depressive symptoms were statisti-
cally significantly higher for skin cancer survivors with a 
low income than for survivors of other types of cancer 
with a high income, although in the MI simulation mod-
el, the effect disappeared, potentially weakening the va-
lidity of the original results for this group. There is lim-
ited research in this area, but some of it indicates that 
non-melanoma skin cancers are associated with height-
ened levels of distress associated with body image, facial 
and skin disfigurement from scarring, and unmet needs 
for care [47–51]. Our findings are in line with those that 
demonstrate a “small but appreciable” decrement in qual-
ity of life related to non-melanoma skin cancer [47]. Fur-
thermore, there are similar findings among long-term 
melanoma survivors to indicate that there is a slightly in-
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creased risk of depression compared to the general popu-
lation, but no detrimental impact on global quality of life 
[52]. Future studies should attempt to replicate the assess-
ment of the association between the presence or absence 
of skin cancer lifetime diagnosis and the presence of de-
pressive symptoms with a large (preferably complete) 
data set.

Study Limitations
This study benefitted from the inclusion of partici-

pants from the four Atlantic Canada provinces, where 
there are high rates of cancer and chronic disease and 
an aging population. It also benefitted from the inclu-
sion of other relevant sociodemographic factors such as 
household income, as well as a validated scale to mea-
sure depression. However, this study is not without lim-
itations. It is a cross-sectional study, which precludes 
causal inferences. Future research should attempt to in-
vestigate the pathways of influence between social eco-
nomic status and mental health outcomes on the life-
time trajectory of cancer survivorship before and after 
diagnosis. The study did not account for patients’ time 
to diagnosis, stage of disease, treatment utilization, or 
oncological outcomes, which could have impacted the 
outcome of interest of the current study and deserves 
future consideration and study. The participant sample 
was voluntary, and the findings may not be generaliz-
able to cancer survivors from different demographic 
backgrounds and geographic locations. The data are 
self-reported and may therefore be subject to bias. Not 
being able to distinguish between melanoma and non-
melanoma skin cancer cases in the data set limited our 
interpretation of the results. However, the participants 
in this cross-sectional cohort will be followed for a pe-
riod of 30 years, and both the follow-up questionnaire 
data and future links with administrative health data 
will allow for this clarification, as well as the identifica-
tion of incident cancer cases.

The quality of cancer survivorship for men with a his-
tory of prostate cancer is critical when considering both 
the high survival rates and the treatment-related side ef-
fects. Mental health as a component of well-being con-
tinues to receive less attention in a population that is al-
ready less likely to report anxiety and depression. This 
work demonstrates the role of household income on 
mental health, in addition to the functional, psychologi-
cal and social issues experienced by men with a history 
of prostate cancer, and further supports the need for 
mental health supports throughout cancer survivorship 
[53].
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