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Abstract

Background: Few studies have evaluated mental health disorders comprehensively among patients with prostate cancer on long-
term follow-up. The primary aim of our study was to assess the incidence of mental health disorders among patients with prostate
cancer compared with a general population cohort. A secondary aim was to investigate potential risk factors for mental health disor-
ders among patients with prostate cancer.

Methods: Cohorts of 18134 patients with prostate adenocarcinomas diagnosed between 2004 and 2017 and 73470 men without cancer
matched on age, birth state, and follow-up time were identified. Mental health diagnoses were identified from electronic health records and
statewide health-care facilities data. Cox proportional hazardmodels were used to estimate hazard ratios. All statistical tests were 2-sided.

Results: The hazard ratios for mood disorders, including depression, among prostate cancer survivors increased for all follow-up
periods compared with the general population. The hazard ratios for any mental illness increased with Hispanic, Black, or multiple
races; people who were underweight or obese; those with advanced prostate cancer; and those undergoing their first course cancer
treatment. We also observed statistically significantly increased hazard ratios for mental health disorders among patients with lower
socioeconomic status (P< .0001) and increasing duration of androgen-deprivation therapy (P¼ .0348). Prostate cancer survivors had a
61% increased hazard ratio for death with a depression diagnosis.

Conclusion: Prostate cancer diagnosis was associated with a higher risk of mental health disorders compared with the general popu-
lation, which was observed as long as 10-16years after cancer diagnosis. Providing long-term mental health support may be benefi-
cial to increasing life expectancy for patients with prostate cancer.

More than 3.1 million people in the United States had prostate
cancer as of 2022 (1). Over the past few decades, the 10-year sur-
vival rate for prostate cancer exceeded 98%, and the 15-year sur-
vival rate was 95% (1). Thus, the goal for prostate cancer
treatment is transitioning from increasing survival rates to
improving quality of life, such as the common use of active sur-
veillance for patients with early-stage prostate cancer (2).

Based on fears of disease progression and cancer recurrence, a
prostate cancer diagnosis can cause mood disturbances and men-
tal health disorders among patients (3). A few studies have investi-
gated the adverse effects of cancer treatment and clinical
characteristics on mental health disorders, but the participants in
these studies were mostly older (�65 years old) with advanced-
stage cancer, and the studies had limited follow-up periods (4-9).
Furthermore, socioeconomic status must be considered with
regard to mental health among patients with prostate cancer

(10,11). More recently, the development of new drugs, such as
abiraterone and enzalutamide, has provided alternative treatment
options for castration-sensitive prostate cancer (12,13). To our
knowledge, no study has evaluated dose-response relationships
between prostate cancer treatment andmental health disorders.

The goal of this study was to estimate the risk of mental
health disorders among patients with prostate cancer compared
with a general-population cohort. A secondary aim was to assess
potential risk factors, such as socioeconomic status, tumor char-
acteristics, and treatment doses, for mental health disorders
among patients with prostate cancer.

Methods
The eligibility criteria were men who were diagnosed with an
invasive first primary prostate adenocarcinoma at 18years of age
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or older between 2004 and 2017 in Utah (Surveillance,
Epidemiology, and End Results [SEER] International Classification of
Diseases for Oncology, third edition code C61). An initial cohort of
18 871 prostate cancer survivors was identified from the state-
wide SEER Utah Cancer Registry. We started the cohort in 2004
because Gleason and prostate-specific antigen scores are avail-
able from 2004 for SEER data. A total of 737 patients with prostate
cancer were excluded because 459 were missing cancer stage
information, 28 could not be matched to a general-population
individual, 21 did not have Utah residence for more than 1 year.
Each prostate cancer survivor was matched with up to 5 men by
birth state, birth year, and follow-up time. The cancer-free cohort
was identified by selecting individuals from the Utah Population
Database who had not been diagnosed with any type of cancer
throughout the follow-up period. The final study sample con-
sisted of 18 134 prostate cancer survivors and 73 470 cancer-free
individuals. This study was approved by the University of Utah
Resource for Genetic and Epidemiologic Research (the oversight
committee for the Utah Population Database) and the University
of Utah Institutional Review Board.

Outcome data used for this study included statewide ambula-
tory and inpatient data from the Utah Department of Health and
electronic health record (EHR) data (inpatient and outpatient)
from Intermountain Healthcare and the University of Utah
Health, which covers a large proportion of the Utah population,
with a 90.5% linkage rate for Intermountain Healthcare and 95.5%
linkage rate for University of Utah Health, available from 1996. In
addition, Utah is known for having a low percentage of residents
seeking health care outside the state, and only about 2.9% of
Utahns left the state, resulting in a relatively low out-migration
rate (14). Data from the Utah Population Database included
records from the Utah Cancer Registry, Utah driver’s licenses, vital
records, and the Utah Department of Health. Mental illnesses and
short-term side effects were identified by International
Classification of Diseases, Ninth Revision (ICD-9) and
International Classification of Diseases, Tenth Revision (ICD-10)
diagnosis codes in Supplementary Table 1 (available online).
Further detailed methods are available in the Supplementary
Methods (available online) (15,16-18).

Statistical analysis
We used v2 tests to compare baseline characteristics between the
prostate cancer survivor and general-population cohorts. Cox pro-
portional hazards models were used to calculate hazard ratios
(HRs) for long-term mental illness outcomes and risk factors. Cox
proportional hazards models were adjusted for matching factors
(age and birth state), baseline body mass index (BMI), baseline
Charlson Comorbidity Index, and race and ethnicity. Kaplan-Meier
survival curves were used to estimate survival among patients
with and without overall mental illness/depression.

All statistical tests were 2-sided, and a P< .05 was considered
statistically significant. All analyses were performed using SAS,
version 9.4, statistical software (SAS Institute Inc, Cary, NC),
except the Spline Flex model, which was performed using Stata,
version 17, software (StataCorp, College Station, TX).

Results
The median follow-up time for patients with prostate cancer was
7.4 years. Approximately 22.8% of patients with prostate cancer
were younger than 60years of age at cancer diagnosis, and 41.0%
had a Gleason score below 7 (Table 1). Radical prostatectomy
alone was performed in 39.4% of cases, and radiation therapy

Table 1. Demographic and clinical characteristics of patients
with prostate cancer and the general population

No. (%)

Prostate
cancer

(n¼18134)

General
population
(n¼73470) P for v2

Ethnicity <.001
Hispanic 1588 (8.8) 5032 (6.9)
Non-Hispanic 16 546 (91.2) 68 438 (93.2)

Race <.001
Asian 106 (0.6) 559 (0.8)
Black 130 (0.7) 220 (0.3)
Multiple races 625 (3.5) 2133 (2.9)
Othera 19 (0.1) 309 (0.4)
Missing 112 (0.6) 1443 (2.0)

Baseline body mass indexb <.001
<18.5 41 (0.2) 233 (0.3)
18.5-24.9 4183 (23.1) 3210 (23.7)
25.0-29.9 8704 (48.0) 17421 (46.2)
�30 4166 (23.0) 33904 (25.5)
Missing 1040 (5.7) 18 702 (4.4)

Baseline Charlson Comorbidity
Index

.003

0 9283 (51.2) 36 898 (50.2)
�1 8851 (48.8) 36 572 (49.8)

Educationb .001
High school or less 8217 (45.3) 34 224 (46.6)
College 5039 (27.8) 19 418 (26.4)
Post-college 4878 (26.9) 19 828 (27.0)

Baseline marital status .004
Married 16 012 (88.3) 65 071 (88.6)
Widowed 1368 (7.5) 5102 (6.9)
Unmarriedc 754 (4.2) 3297 (4.5)

Baseline health insurance status <.001
Medicare 6793 (37.5) 22 462 (30.6)
Other government supportd 381 (2.1) 1624 (2.2)
Private health insurance 6782 (37.4) 27 840 (37.9)
Blue Cross/Blue Shield 1584 (8.7) 6015 (8.2)
Othere 597 (3.3) 3699 (5.0)
Missing 1997 (11.0) 11 830 (16.1)

No. (%)

Prostate cancer
(n¼18134)

Residency
Urban 15 391 (84.9)
Rural 2743 (15.1)

US Census Bureau tract-level
median household income
�$32 047 444 (2.5)
$32048-$53 412 6053 (33.4)
$53413-$106 826 11 035 (60.9)
$106 827-$373894 595 (3.3)
Missing —f

Yost Socioeconomic Indexg

Quintile 1 3094 (17.1)
Quintile 2 3330 (18.4)
Quintile 3 3643 (20.1)
Quintile 4 3394 (18.7)
Quintile 5 4531 (25.0)
Unknown 143 (0.8)

Age at diagnosis, y
<50 421 (2.3)
50-59 3720 (20.5)
60-69 7391 (40.8)
70-79 5140 (28.3)
�80 1462 (8.1)

Follow-up time, median (IQR), y 7.43 (3.79-10.39)
PSA at diagnosis, median (IQR), ng/mL 6.6 (4.8-10.4)

(continued)
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(RT) alone was administered to 19.4% of patients within 1 year of
cancer diagnosis.

Depression and anxiety disorders were the most common men-
tal health conditions among both patients with prostate cancer and
the general population. Incidence rates of depression at 7.3%, 6.4%,
and 6.4% in patients with prostate cancer compared with 5.0%,
5.4%, and 5.2% in the general population, whereas anxiety inci-
dence rates were 7.0%, 7.4%, and 9.9% for patients with prostate
cancer and 4.9%, 6.4%, and 8.4% for the general population across
the follow-up periods of 0-2 years, 2-5 years, and 5-10 years, respec-
tively. In all follow-up periods, patients with prostate cancer had
increased hazard ratios for anxiety and mood disorders, especially
depressive disorders (Table 2). The event frequencies for these esti-
mates are shown in Supplementary Table 2 (available online). The

hazard ratios for anxiety disorder in patients with prostate cancer
were 1.37-fold at 0-2years (95% confidence interval [CI]¼ 1.25 to
1.49), 1.20-fold at 2-10years (95% CI¼ 1.12 to 1.29), and 1.29-fold at
10-16years (95% CI¼ 1.14 to 1.45). Similarly, the hazard ratios for
mood disorders were 1.38-fold at 0-2years (95% CI¼ 1.28 to 1.50),
approximately 1.20-fold at 2-10years (95% CI¼1.13 to 1.29), and
1.25-fold at 10-16years (95% CI¼1.12-1.38). Increased hazard ratios
for depressive disorders were also observed in overall follow-up
periods. We compared clinic visit frequencies between patients
with prostate cancer and the general population (Supplementary
Table 3, A, available online) and observed that patients had a higher
number of visits, as expected. In addition, we did not observe signif-
icant changes after adjusting for prediagnosis clinic visit frequency
(Supplementary Table 3, B, available online). We also stratified
mental illness risks by prostate cancer risk groups and identified
higher hazard ratios for mental illness in the high-risk group
(Supplementary Table 4, available online).

Hispanic, Black, and multiple races and ethnicities were associ-
ated with increased hazard ratios for any mental health disorder
compared with non-Hispanic White patients during the first
10years after cancer diagnosis among prostate cancer survivors
(Table 3). Underweight patients with prostate cancer had
increased hazard ratios in almost all time periods, whereas obese
patients with prostate cancer had increased risks 5þ years after
cancer diagnosis. In addition, a baseline Charlson Comorbidity
Index score of 1þ and being unmarried at cancer diagnosis were
potential risks factors for any mental health disorder during the
overall follow-up period. Furthermore, lower socioeconomic status
and lower household income were associated with increased haz-
ard ratios for mental disorders after prostate cancer diagnosis.
Risk factors for specific mental illness outcomes are shown in
Supplementary Table 5 (available online).

Later diagnosis year and older age at diagnosis (>69years old)
were associated with higher hazard ratios for any mental health
disorder among patients with prostate cancer (Table 4). Tumor
characteristics were associated with increased hazard ratios for
any mental health disorder, such as prostate-specific antigen level
(>20ng/mL) and Gleason score (�7). Patients with prostate cancer
in the higher-grade risk group and American Joint Committee on
Cancer staging had increased hazard ratios for any mental health
disorder. Compared with surgery as the first course of treatment,
increased hazard ratios for any mental health disorder were
observed with hormone therapy, active surveillance, watchful
waiting, and other types of treatment less than 10years after can-
cer diagnosis. Clinical risk factors for specific mental illness out-
comes are shown in Supplementary Table 6 (available online).

Of the 5629 patients with prostate cancer diagnosed from 2013
to 2017, 1455 (25.8%) received RT and 1101 (19.6%) received
androgen-deprivation therapy (ADT). The distribution of RT dose by
RT type is shown in Supplementary Figure 1 (available online).
Brachytherapy was associated with fewer increased hazard ratios
for mental health disorders compared with external beam RT.
Compared with patients managed with RT at a dosage of 27.6-
80.9Gy, the higher the radiation dose they received, the greater the
hazard ratios for any mental health disorder (Table 5). Among
patients undergoing medical castration, increased hazard ratios for
any mental health disorder were associated with the use of antian-
drogens alone and the prescription of a CYP17 inhibitor (abirater-
one) or new-generation antiandrogen (enzalutamide) compared
with the use of traditional luteinizing hormone–releasing hormone
agonists or antagonists. Furthermore, patients with prostate cancer
had a 4% increased hazard ratio for mental health disorders for
every additional 6 months of ADT (HR¼ 1.04, 95% CI¼ 1.00 to 1.08).

Table 1. (continued)

No. (%)

Prostate cancer
(n¼18134)

PSA value, ng/mL
<4.0 1875 (10.3)
4.0-6.9 6570 (36.2)
7.0-10.0 3167 (17.5)
10.1-20.0 2454 (13.5)
>20.0 1691 (9.3)
Missing 2377 (13.1)

Gleason Grade Grouph

3þ 3 or less 7435 (41.0)
3þ 4 5271 (29.1)
4þ 3 2394 (13.2)
4þ 4 1476 (8.1)
9 or 10 1558 (8.6)

Modified risk groupi

Very low 1956 (10.8)
Low 2977 (16.4)
Favorable intermediate 5079 (28.0)
Unfavorable intermediate 3225 (17.8)
High 2293 (12.6)
Very high 2604 (14.4)

American Joint Committee on Cancer staging
I 4933 (27.2)
II 9095 (50.2)
III 3174 (17.5)
IV 932 (5.1)

First course of treatment
Surgery only 7137 (39.4)
Radiation only 3510 (19.4)
Hormone only 831 (4.6)
Surgery þ other treatmentj 501 (2.8)
Radiation þ hormone 1804 (10.0)
Chemotherapy þ other treatmentk 363 (2.0)
Conservative treatmentl 3988 (22.0)

a Included American Indian, Alaska Native, Native Hawaiian, and Other
Pacific Islander. IQR ¼ interquartile range; PSA ¼ prostate-specific antigen.

b Variables were imputed for missing values.
c Includes Never married, Unmarried, and Unmarried and both legal

parents living together.
d Includes Medicaid, Other government support, and Department of

Corrections and Rehabilitation institutions.
e Includes Out of pocket and Miscellaneous.
f Cells with <11 were suppressed to protect patient identity.
g The index is constructed using a factor analysis of 7 variables of

socioeconomic status.
h Variables were created based on imputed Gleason pattern and PSA

value.
i Defined by the National Comprehensive Cancer Network.
j Includes the combination of surgery and androgen-deprivation therapy

and surgery and radiation therapy.
k Includes the combination of chemotherapy, surgery, and radiation

therapy; surgery and chemotherapy; radiation therapy and chemotherapy;
and radiation therapy, hormone therapy, and chemotherapy.

l Includes active surveillance, watchful waiting, and no treatment.
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Table 2. Risks of mental health disorders among prostate cancer survivors compared with the general populationa

HRs for mental health disorders Estimatesb

Diagnosis

No. at risk,
prostate
cancer

No. at risk,
general

population HR (95% CI)

Mental illness 0.0 0.5 1.0 1.5 2.0 2.5
0-2 yc 11854 46 602 1.68 (1.61 to 1.76)
2-5 y 9158 40 266 1.05 (1.01 to 1.08)
5-10 y 6202 27 253 1.02 (0.98 to 1.06)
10-16 y 3084 12 860 0.99 (0.93 to 1.05)

Adjustment disorder
0-2 y 18010 72 803 1.69 (1.28 to 2.24)
2-5 y 17876 72 266 1.25 (0.95 to 1.65)
5-10 y 12130 46 829 1.48 (1.15 to 1.90)
10-16 y 5395 19 787 1.25 (0.83 to 1.88)

Anxiety disorder
0-2 y 16318 65 615 1.37 (1.25 to 1.49)
2-5 yc 15978 63 649 1.20 (1.12 to 1.28)
5-10 y 10370 40 955 1.20 (1.12 to 1.29)
10-16 y 4758 17 814 1.29 (1.14 to 1.45)

Delirium, dementia,
and cognitive disorders
0-2 yc 17625 70 582 0.74 (0.67 to 0.82)
2-5 y 11854 46 602 0.79 (0.69 to 0.90)
5-10 y 11604 44 997 0.95 (0.87 to 1.03)
10-16 y 5266 19 422 1.01 (0.88 to 1.16)

Mood disorders
0-2 yc 15881 63 227 1.38 (1.28 to 1.50)
2-5 y 16108 63 871 1.21 (1.14 to 1.29)
5-10 y 9989 39 606 1.20 (1.13 to 1.28)
10-16 y 4621 17 367 1.25 (1.12 to 1.38)

Bipolar disorders
0-2 yc 17876 72 266 1.38 (0.92 to 2.05)
2-5 y 16443 65 603 1.23 (0.90 to 1.69)
5-10 y 11994 46 464 0.97 (0.65 to 1.45)
10-16 y 5357 19 670 1.28 (0.35 to 4.78)

Depressive disorder
0-2 yc 15978 63 649 2.05 (1.80 to 2.33)
2-5 y 14217 57 253 1.16 (1.03 to 1.31)
5-10 y 10147 40 181 1.15 (1.00 to 1.34)
10-16 y 4637 17 437 1.35 (0.94 to 1.94)

Schizophrenia and
other psychotic disorders
0-2 y 17863 71 823 0.84 (0.71 to 1.00)
2-5 y 16739 66 707 0.82 (0.70 to 0.96)
5-10 y 11932 46 023 0.96 (0.82 to 1.13)
10-16 y 5349 19 620 1.14 (0.77 to 1.69)

Alcohol-related disorders
0-2 yc 17646 70 546 0.85 (0.71 to 1.01)
2-5 y 16746 66 721 0.80 (0.69 to 0.92)
5-10 y 11825 45 351 1.08 (0.94 to 1.25)
10-16 y 5303 19 351 0.97 (0.73 to 1.29)

Substance-related disorders
0-2 yc 17805 71 236 0.89 (0.75 to 1.05)
2-5 y 14028 56 599 0.80 (0.71 to 0.91)
5-10 y 11900 45 511 0.62 (0.55 to 0.70)
10-16 y 5362 19 566 0.73 (0.60 to 0.88)

Suicide and intentional
self-inflicted injury
0-2 y 18032 72 804 0.95 (0.70 to 1.29)
2-5 y 16704 66 473 1.12 (0.85 to 1.47)
5-10 y 12159 46 852 0.82 (0.61 to 1.10)
10-16 y 5413 19 816 1.44 (0.85 to 2.43)

a All hazard ratios were adjusted for age, birth state, baseline body mass index, baseline Carlson Comorbidity Index, and race and ethnicity. CI ¼ confidence
interval; HR ¼ hazard ratio.

b Bold values indicate statistical significance (P< .05).
c Proportional hazards assumption not met; flexible spline model used.
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The hazard ratios for any mental health disorder were nearly 2-
fold among patients with prostate cancer on continuous ADT
(HR¼1.94, 95% CI¼1.11 to 3.38) compared with those on inter-
mittent ADT. We also investigated the impact of the 4 common
types of ADT regimens but did not observe any associations.
The increased hazard ratios for mental health disorders were
associated with increased radiation dose (P¼ .0004 for trend)
and every additional 6 months of ADT (P¼ .0348 for trend). In
addition, the increased hazard ratios for mood disorders were
associated with increased radiation dose (P< .0001 for trend)
and every additional 6 months of ADT (P¼ .061 for trend). Dose-

response relations adjusted further for clinical risk factors and
socioeconomic status are shown in Supplementary Table 7
(available online); the observed associations were similar. More
analyses for antidepressant prescriptions, psychiatry/psychol-
ogy consultations, and comparison with the prostate cancer–
free general population are shown in Supplementary Tables 8-
10 (available online).

Prostate cancer survivors had a 27% increased hazard ratio for
death associated with a mental illness diagnosis (HR¼1.27, 95%
CI¼ 1.20 to 1.34) and an 86% increased hazard ratio for death
with a depression diagnosis (HR¼ 1.86, 95% CI¼ 1.73 to 2.00),

Table 3. Demographic risk factors for mental illness among prostate cancer survivors

0-2 y After cancer
diagnosis

2-5 y After cancer
diagnosis

5-10 y After cancer
diagnosis

10- y After cancer
diagnosis

Mental illnessa Mental illnessa Mental illnessa Mental illnessa

Factor HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Ethnicity
Non-Hispanic (Referent) (Referent) (Referent) (Referent)
Hispanic 1.24 (1.14 to 1.36) 1.09 (0.99 to 1.21) 1.15 (1.04 to 1.28) 1.10 (0.92 to 1.32)

Race
Asian 0.69 (0.46 to 1.05) 0.63 (0.40 to 1.00) 1.06 (0.72 to 1.56) 0.67 (0.32 to 1.41)
Black 1.49 (1.14 to 1.96) 1.38 (1.00 to 1.90) 1.18 (0.82 to 1.69) 1.50 (0.85 to 2.64)
White (Referent) (Referent) (Referent) (Referent)
Multiple races 1.16 (1.01 to 1.33) 1.24 (1.07 to 1.44) 1.27 (1.10 to 1.47) 1.16 (0.93 to 1.46)
Other 1.61 (0.80 to 3.22) 1.28 (0.53 to 3.07) 1.47 (0.55 to 3.92) —

Baseline BMIb

<18.5 1.53 (1.03 to 2.26) 1.71 (1.12 to 2.62) 1.64 (1.01 to 2.66) 1.54 (0.73 to 3.27)
18.5-24.9 (Referent) (Referent) (Referent) (Referent)
25.0-29.9 0.96 (0.90 to 1.03) 0.96 (0.89 to 1.03) 1.02 (0.95 to 1.10) 1.03 (0.92 to 1.14)
�30 0.98 (0.91 to 1.06) 1.05 (0.97 to 1.14) 1.20 (1.10 to 1.31) 1.23 (1.08 to 1.39)

Baseline Charlson Comorbidity Indexb

0 (Referent) (Referent) (Referent) (Referent)
�1 1.69 (1.60 to 1.78) 1.95 (1.83 to 2.07) 1.79 (1.68 to 1.90) 1.61 (1.47 to 1.76)

Educationc

High school or less (Referent) (Referent) (Referent) (Referent)
College 1.02 (0.95 to 1.08) 1.00 (0.93 to 1.07) 1.02 (0.95 to 1.10) 1.08 (0.97 to 1.20)
Post-college 1.02 (0.95 to 1.08) 1.06 (0.99 to 1.14) 1.11 (1.03 to 1.19) 1.02 (0.92 to 1.14)

Baseline marital statusc

Married (Referent) (Referent) (Referent) (Referent)
Widowed 1.05 (0.95 to 1.17) 0.96 (0.86 to 1.08) 1.14 (1.02 to 1.27) 1.25 (1.07 to 1.47)
Unmarried 1.74 (1.55 to 1.95) 1.53 (1.33 to 1.75) 1.40 (1.20 to 1.62) 1.32 (1.02 to 1.72)

Residencyc

Urban (Referent) (Referent) (Referent) (Referent)
Rural 1.00 (0.93 to 1.08) 0.98 (0.90 to 1.06) 1.00 (0.92 to 1.08) 0.92 (0.81 to 1.04)

US Census Bureau tract-level median household incomed

�$32 047 (Referent) (Referent) (Referent) (Referent)
$32 048-$53 412 0.79 (0.68 to 0.93) 0.88 (0.73 to 1.05) 1.04 (0.86 to 1.26) 0.98 (0.73 to 1.31)
$53 413-$106826 0.70 (0.60 to 0.82) 0.80 (0.67 to 0.95) 0.95 (0.78 to 1.14) 0.95 (0.71 to 1.27)
$106 827-$373894 0.76 (0.62 to 0.94) 0.96 (0.76 to 1.21) 0.93 (0.71 to 1.21) 1.24 (0.84 to 1.85)
P for trend <.0001 .0099 .0055 .9205

Yost Socioeconomic Indexd

Quintile 1 (Referent) (Referent) (Referent) (Referent)
Quintile 2 0.82 (0.75 to 0.89) 0.86 (0.78 to 0.95) 0.87 (0.79 to 0.96) 0.77 (0.66 to 0.90)
Quintile 3 0.86 (0.79 to 0.94) 0.89 (0.81 to 0.97) 0.99 (0.90 to 1.09) 1.01 (0.88 to 1.17)
Quintile 4 0.80 (0.73 to 0.87) 0.79 (0.72 to 0.88) 0.90 (0.82 to 1.00) 0.92 (0.80 to 1.07)
Quintile 5 0.74 (0.68 to 0.80) 0.82 (0.75 to 0.90) 0.85 (0.77 to 0.93) 0.96 (0.84 to 1.11)
P for trend <.0001 <.0001 .002 .5632

Baseline health insurance statusd

Medicare (Referent) (Referent) (Referent) (Referent)
Other government support 1.32 (1.11 to 1.56) 1.23 (1.02 to 1.49) 1.11 (0.90 to 1.38) 1.32 (0.93 to 1.87)
Private health insurance 0.83 (0.76 to 0.89) 0.72 (0.66 to 0.79) 0.81 (0.74 to 0.89) 1.04 (0.91 to 1.19)
Blue Cross/Blue Shield 0.84 (0.75 to 0.94) 0.72 (0.64 to 0.82) 0.83 (0.73 to 0.94) 0.86 (0.71 to 1.05)
Other 1.02 (0.87 to 1.18) 0.97 (0.82 to 1.15) 0.98 (0.83 to 1.17) 1.10 (0.84 to 1.45)

a Bold value indicates statistical significance (P< .05). BMI ¼ body mass index; CI ¼ confidence interval; HR ¼ hazard ratio.
b Adjusted for race and ethnicity, diagnosis age, and education.
c Adjusted for race and ethnicity, and diagnosis age.
d Adjusted for race and ethnicity, marital status, baseline Charlson Comorbidity Index, baseline body mass index, age at diagnosis, and diagnosis year.
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after adjusting for age at diagnosis, baseline BMI, and baseline

Charlson Comorbidity Index.

Discussion
We evaluated the associations between cancer diagnosis and

new mental health disorder diagnoses among patients with

prostate cancer and assessed potential risk factors, including
socioeconomic status and clinical characteristics. Notably higher
hazard ratios for various mental health disorders, including anxi-
ety and mood disorders, were identified in the long term (10-
16 years) after cancer diagnosis. To our knowledge, this is the
first study to examine both socioeconomic status and clinical
risk factors for mental health disorders among patients with

Table 4. Clinical risk factors for mental illness among prostate cancer survivors

0-2 y After cancer
diagnosis

2-5 y After cancer
diagnosis

5-10 y After cancer
diagnosis

10- y After cancer
diagnosis

Mental illnessa Mental illnessa Mental illnessa Mental illnessa

Factor HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Diagnosis yearb

2004-2008 (Referent) (Referent) (Referent) (Referent)
2009-2012 1.08 (1.02 to 1.16) 1.09 (1.01 to 1.17) 1.23 (1.16 to 1.31) 3.18 (2.69 to 3.76)
2013-2017 1.21 (1.13 to 1.29) 1.53 (1.42 to 1.64) 2.36 (2.11 to 2.63) —

Age at diagnosis,d y
<50 1.18 (0.99 to 1.40) 1.01 (0.83 to 1.23) 0.84 (0.69 to 1.02) 0.58 (0.42 to 0.79)
50-59 1.08 (1.01 to 1.16) 0.91 (0.84 to 0.99) 0.82 (0.76 to 0.89) 0.85 (0.76 to 0.95)
60-69 (Referent) (Referent) (Referent) (Referent)
70-79 0.91 (0.85 to 0.97) 1.16 (1.08 to 1.24) 1.17 (1.09 to 1.26) 1.21 (1.09 to 1.34)
�80 0.96 (0.87 to 1.07) 1.37 (1.22 to 1.53) 1.36 (1.19 to 1.55) 1.01 (0.76 to 1.34)

PSA, ng/mLb

<4.0 (Referent) (Referent) (Referent) (Referent)
4.0-6.9 0.91 (0.84 to 1.00) 1.02 (0.95 to 1.09) 0.94 (0.86 to 1.03) 0.94 (0.82 to 1.07)
7.0-10.0 0.94 (0.85 to 1.03) 1.11 (1.02 to 1.22) 0.95 (0.85 to 1.05) 0.84 (0.72 to 0.98)
10.1-20.0 0.98 (0.88 to 1.08) 1.18 (1.06 to 1.32) 0.94 (0.84 to 1.05) 0.83 (0.70 to 0.98)
>20.0 1.26 (1.13 to 1.40) 1.39 (1.24 to 1.56) 1.15 (1.01 to 1.32) 1.02 (0.81 to 1.27)

Gleason Grade Groupb

3þ 3 or less (Referent) (Referent) (Referent) (Referent)
3þ 4 1.17 (1.09 to 1.25) 1.02 (0.95 to 1.09) 1.08 (1.01 to 1.16) 0.99 (0.90 to 1.10)
4þ 3 1.29 (1.18 to 1.40) 1.11 (1.02 to 1.22) 1.09 (0.99 to 1.20) 1.09 (0.93 to 1.27)
4þ 4 1.31 (1.19 to 1.45) 1.18 (1.06 to 1.32) 1.09 (0.97 to 1.23) 1.08 (0.88 to 1.33)
9 or 10 1.55 (1.41 to 1.71) 1.39 (1.24 to 1.56) 1.30 (1.13 to 1.49) 0.84 (0.63 to 1.12)

Modified risk groupb

Very low (Referent) (Referent) (Referent) (Referent)
Low 1.10 (0.98 to 1.23) 1.12 (1.00 to 1.26) 1.01 (0.91 to 1.13) 1.05 (0.89 to 1.23)
Favorable intermediate 1.23 (1.11 to 1.36) 1.07 (0.96 to 1.19) 1.04 (0.94 to 1.15) 1.13 (0.97 to 1.31)
Unfavorable intermediate 1.33 (1.19 to 1.48) 1.07 (0.95 to 1.20) 1.00 (0.90 to 1.12) 1.04 (0.88 to 1.23)
High 1.46 (1.31 to 1.64) 1.30 (1.15 to 1.46) 1.09 (0.97 to 1.23) 0.95 (0.79 to 1.15)
Very high 1.68 (1.50 to 1.87) 1.37 (1.22 to 1.55) 1.17 (1.03 to 1.32) 0.93 (0.75 to 1.16)

American Joint Committee on Cancer staginge

I (Referent) (Referent) (Referent) (Referent)
II 1.21 (1.13 to 1.29) 1.01 (0.94 to 1.08) 1.02 (0.95 to 1.09) 1.06 (0.97 to 1.17)
III 1.40 (1.29 to 1.52) 1.16 (1.06 to 1.27) 1.07 (0.97 to 1.17) 0.87 (0.75 to 1.01)
IV 2.04 (1.82 to 2.29) 1.90 (1.66 to 2.19) 1.74 (1.45 to 2.08) 1.15 (0.79 to 1.67)

First course of treatmentf

Surgery only (Referent) (Referent) (Referent) (Referent)
Radiation only 0.82 (0.76 to 0.89) 0.98 (0.89 to 1.07) 1.04 (0.95 to 1.13) 0.93 (0.81 to 1.06)
Hormone only 0.90 (0.79 to 1.03) 1.51 (1.31 to 1.74) 1.48 (1.25 to 1.75) 0.80 (0.54 to 1.19)
Surgery þ radiation 0.97 (0.76 to 1.24) 1.20 (0.92 to 1.56) 1.13 (0.84 to 1.51) 0.84 (0.54 to 1.30)
Surgery þ hormone 1.09 (0.90 to 1.31) 1.15 (0.91 to 1.45) 1.12 (0.88 to 1.43) 1.28 (0.91 to 1.80)
Radiation þ hormone 0.82 (0.75 to 0.91) 0.99 (0.89 to 1.11) 1.04 (0.93 to 1.15) 0.99 (0.85 to 1.17)
Chemotherapy þ Otherg 0.95 (0.79 to 1.13) 1.39 (1.12 to 1.71) 1.33 (1.03 to 1.71) 0.91 (0.57 to 1.47)
Conservative treatment 0.69 (0.63 to 0.75) 1.19 (1.09 to 1.30) 1.17 (1.07 to 1.28) 1.08 (0.93 to 1.24)

Quality of life side effecth

Sexual dysfunctioni — — — — 1.32 (1.25 to 1.39) — — — — — — — —
Urinary dysfunction — — — — 1.54 (1.47 to 1.60) — — — — — — — —
Bowel dysfunction — — — — 1.46 (1.37 to 1.55) — — — — — — — —
None — (Referent) — —

a Bold values indicate statistical significance (P< .05). CI ¼ confidence interval; HR ¼ hazard ratio.
b Adjusted for race and ethnicity and diagnosis age.
c Adjusted for baseline body mass index and baseline Charlson Comorbidity Index.
d Adjusted for race and ethnicity and American Joint Committee on Cancer staging.
e Adjusted for race and ethnicity, baseline body mass index, diagnosis year, age at diagnosis, and education.
f Adjusted for race and ethnicity, baseline body mass index, baseline Charlson Comorbidity Index, risk group, age at diagnosis, and education.
g Other included surgery þ radiation þ chemotherapy, surgery þ chemotherapy, radiation therapy þ chemotherapy, and radiation therapy þ androgen-

deprivation therapy þ chemotherapy.
h The evaluation of quality of life side effects was conducted for the entire follow-up period, considering their enduring and recurring characteristics. Adjusted

for race and ethnicity, first course of treatment, baseline body mass index, baseline Charlson Comorbidity Index, risk group, age at diagnosis, and education.
i Sexual bothersomeness is excluded in sexual dysfunction because of the overlapping issue with mental illness.
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prostate cancer. This study was also the first to evaluate dose-
response relationships among prostate cancer treatment, socioe-
conomic status, and hazard ratios for mental health disorders.
Our results suggest that patients with prostate cancer may have
higher hazard ratios for anxiety and depression for more than
10-16 years after the cancer diagnosis than the general popula-
tion. This finding could be attributed to the patients’ fear of can-
cer progression and recurrence and long-lasting treatment
toxicity, including persistent pain and fatigue, bowel problems,
sexual and urinary dysfunction, and neurocognitive disorders
(15-19). Although patients who receive short-term ADT can
recover after discontinuing treatment, testosterone levels may
not fully return to pretreatment levels (20). Moreover, side
effects of treatment may disappear only slowly or incompletely
(20-22). Our findings provide further evidence that any mental
health disorder and depression are associated with an
increased hazard ratio for death. These findings suggest that
health professionals can implement a multidisciplinary
approach to help patients with prostate cancer during long-
term follow-up.

We observed a higher incidence of anxiety disorder (7.0%-
7.4%) and depressive disorders (5.0%-5.4%) among patients with

prostate cancer than in the general population. Our findings
showed much lower prevalence rates than self-reported studies,
which reported anxiety and depression prevalence ranging from
28.6% to 34.3% and 10.7% to 22.8%, respectively, and varied by
treatment group (23-26). Self-reported measures may be subject
to reporting bias, however, and may not accurately reflect the
true prevalence of serious mental illness, whereas EHRs may
miss diagnoses if patients do not seek medical attention.
Therefore, our study findings may address some of these limita-
tions but does have other limitations—specifically, missing less
severe mental illnesses that did not require medical care.

In addition to the outcomes supported by previous studies
(27,28), we observed that the hazard ratios for mental health disor-
ders may be associated with race and ethnicity, BMI, and socioeco-
nomic status among prostate cancer survivors. We observed that
Black and multiple races were potential risk factors, which was
consistent with lower satisfaction with prostate cancer treatment
outcomes among Black patients in a previous study (28). Our find-
ings also indicated that Hispanic patients with prostate cancer had
a higher hazard ratio for mental health disorders during treatment
(0-2years) and cancer-free periods (�5 years) but did not have a
higher risk at 2-5years (29). In our study, Hispanic patients with

Table 5. Risk factors related to radiation therapy and androgen-deprivation therapy for mental illness among prostate cancer survivors,
2013-2017

Patients, No. (%)

Mental illnessa Depressiona Mood disordera Anxietya

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Radiation typeb

External beam RT 764 (52.5) (Referent) (Referent) (Referent) (Referent)
Brachytherapy 462 (31.8) 0.77 (0.63 to 0.94) 1.68 (0.46 to 6.15) 0.67 (0.47 to 0.95) 0.84 (0.57 to 1.24)
External beam RT þ brachytherapy 229 (15.7) 0.84 (0.67 to 1.05) NA 0.76 (0.52 to 1.13) 0.71 (0.44 to 1.14)

Radiation dose, Gy (categorical)c

6.5-27.5 (incomplete RT regimen) 365 (25.1) 1.34 (1.09 to 1.64) 3.14 (0.84 to 11.74) 1.38 (0.99 to 1.92) 1.226 (0.85 to 1.78)
27.6-80.9 608 (41.8) (Referent) (Referent) (Referent) (Referent)
81.0-124.9 241 (16.6) 2.17 (1.58 to 3.00) 9.46 (1.76 to 50.84) 3.19 (1.86 to 5.46) 2.74 (1.53 to 4.90)
�125.0 241 (16.6) 2.85 (1.46 to 5.58) 36.31 (2.76 to 478.46) 5.31 (2.26 to 12.52) 1.58 (0.39 to 6.37)
P for trendd .0004 .1025 <.0001 .1837

Radiation dose,c 10Gy (continuous) — — 1.00 (1.00 to 1.01) 1.09 (0.97 to 1.23) 1.00 (0.99 to 1.01) 1.00 (0.99 to 1.01)
ADT typeb

Orchiectomy 11 (1.0) 0.91 (0.40 to 2.05) NA 1.29 (0.41 to 4.10) 0.98 (0.24 to 4.04)
Medical castration 1077 (97.8) (Referent) — (Referent) (Referent)
Surgical and medical castration 13 (1.2) 0.77 (0.36 to 1.64) 2.04 (0.26 to 15.91) 0.91 (0.29 to 2.89) 0.88 (0.22 to 3.60)

Medical castration
LHRH agonist/antagonist alone 344 (31.6) (Referent) (Referent) (Referent) (Referent)
LHRH agonist/antagonist þ antiandrogen 370 (33.9) 1.21 (0.98 to 1.49) 1.73 (0.62 to 4.79) 1.35 (0.95 to 1.91) 1.05 (0.70 to 1.58)
Antiandrogen alone 278 (25.5) 1.30 (1.03 to 1.63) 1.39 (0.38 to 5.06) 1.22 (0.82 to 1.81) 1.18 (0.77 to 1.82)
Abiraterone or enzalutamidee 98 (9.0) 1.25 (1.06 to 1.48) 1.70 (0.45 to 6.40) 1.77 (1.10 to 2.86) 2.52 (1.53 to 4.14)

ADT administrationf (metastatic
prostate cancer only)
Intermittent 41 (22.0) (Referent) (Referent) (Referent) (Referent)
Continuous 145 (78.0) 1.94 (1.11 to 3.38) 1.83 (0.34 to 9.93) 0.96 (0.45 to 2.05) 1.14 (0.49 to 2.62)

ADT duration,f mo (categorical)
1-3 208 (19.1) 1.00 (0.78 to 1.29) 1.34 (0.39 to 4.61) 1.43 (0.96 to 2.14) 1.32 (0.85 to 2.06)
4-6 400 (36.7) (Referent) (Referent) (Referent) (Referent)
7-17 242 (22.2) 1.13 (0.89 to 1.42) 1.11 (0.30 to 4.04) 1.22 (0.81 to 1.84) 1.25 (0.80 to 1.95)
18-28 118 (10.8) 0.99 (0.74 to 1.34) 3.55 (1.16 to 10.89) 1.49 (0.94 to 2.36) 1.41 (0.84 to 2.39)
�29 122 (11.2) 1.15 (0.87 to 1.51) 0.45 (0.11 to 1.93) 1.34 (0.86 to 2.09) 1.33 (0.79 to 2.23)
P for trend .3844 .6238 .5509 .5209

ADT duration,f 6mo (continuous) — — 1.04 (1.00 to 1.08) 1.00 (0.87 to 1.15) 1.05 (1.00 to 1.11) 1.04 (0.97 to 1.11)
P .0348 .9557 .0610 .2455

a Bold values indicate statistical significance (P< .05). ADT ¼ androgen-deprivation therapy; CI ¼ confidence interval; HR ¼ hazard ratio; LHRH ¼ luteinizing
hormone–releasing hormone; NA ¼ not applicable; RT ¼ radiation therapy.

b Adjusted for race and ethnicity, baseline body mass index, baseline Charlson Comorbidity Index, risk group, age at diagnosis, and diagnosis year.
c Adjusted for race and ethnicity, RT type, baseline body mass index, baseline Charlson Comorbidity Index, risk group, age at diagnosis, and diagnosis year.
d P for trend was tested for trend and did not include the incomplete RT regimen category (6.5-27.5Gy).
e Including LHRH agonist/antagonist þ abiraterone, orchiectomy þ abiraterone, LHRH agonist/antagonist þ enzalutamide, orchiectomy þ enzalutamide,

abiraterone alone, enzalutamide alone, and other complicated ADT combination.
f Adjusted for race and ethnicity, ADT type, baseline body mass index, baseline Charlson Comorbidity Index, risk group, age at diagnosis, and diagnosis year.
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prostate cancer were more likely to have advanced stage and poor
socioeconomic status (30). Schupp et al. indicated that prostate
cancer survival outcomes in Hispanic patients were paradoxically
better than outcomes of non-Hispanic patients with prostate cancer
(30), which may explain our findings. Unhealthy weight was associ-
ated with worse outcomes, such as the exacerbation of side effects
after treatment (28,31) and a higher recurrence rate (32,33), which
may lead to poor mental health status. The socioeconomic status
finding was supported by a previous study that showed that socioe-
conomic status affected the development of mental illness directly
among the general population (34).

Similar to our previous findings for ovarian cancer (35), we
also found that clinical characteristics related to disease progres-
sion correlated with mental distress among patients with pros-
tate cancer. These findings may be explained by the widespread
use of ADT, severe treatment side effects, poor treatment
response, and poor survival rate at advanced cancer stage (19).
Our findings are aligned with multiple previous studies that
found that short-term side effects of prostate cancer treatment
played an important role in mental health disorders in the over-
all follow-up period (28,36). Previous patient self-reported studies
indicated that the risk of depression increased up to 2.8 times
among patients with prostate cancer who experienced sexual,
urinary, and bowel dysfunction as side effects within 5 years
(37,38), which was higher than our findings. The difference may
be explained by potential inaccuracies in identifying the presence
or severity of side effects because of underreporting or lack of
specific coding in our study as well as the short-term follow-up
and reporting bias in previous studies. Furthermore, compared
with radical prostatectomy, RT, active surveillance, and watchful
waiting were associated with decreased risks of mental illness
within 2 years, which can be explained by serious side effects of
prostatectomy in the first 2 years (36). Unexpectedly, conserva-
tive treatment and ADT were associated with increased risks of
mental illness 2-10 years after cancer diagnosis compared with
radical prostatectomy, possibly because patients on active sur-
veillance could receive radical treatment because of cancer pro-
gression more than 2years after cancer diagnosis (36) and ADT
has long-term side effects (36,39-41).

Our findings suggested that brachytherapy was less likely to
be associated with mental illness and mood disorders than with
external beam RT. Possible explanations for this are a lower inci-
dence of rectal symptoms, lower-grade tumors, and a shorter
treatment duration among patients who received external beam
RT (42,43). Furthermore, clear dose-response trends were
observed for the association between radiation duration and
mood disorders and between radiation duration and any mental
health disorder. Lack of RT is associated with cancer recurrence
and other negative outcomes (44), which may explain the
increased risk of mental illnesses with incomplete RT regimens.

Compared with the use of luteinizing hormone–releasing hor-
mone agonists or antagonists alone, patients with prostate can-
cer had a higher hazard ratio for mental health disorders when
they received first-generation antiandrogen monotherapy or any
traditional ADT plus abiraterone or enzalutamide. Numerous
randomized trials indicated that first-generation antiandrogen
monotherapy was associated with a decreased 5-year mortality
(45,46), but the underlying reasons for the association between
treatment and mental health burden, including clinical out-
comes, medication cost, and quality of life (47), have not been
assessed. In addition, the new-generation antiandrogen enzalu-
tamide and CYP17 inhibitor abiraterone are more likely to cause
seizures and cardiovascular disease, which may increase the

psychological burden among patients with prostate cancer

(48,49) compared with traditional ADT.
Our findings also showed that patients with metastatic pros-

tate cancer who received continuous ADT had a higher hazard
ratio for mental health disorders than patients who received

intermittent ADT. This association was expected because inter-
mittent therapy is less likely to cause ADT-related symptoms,

such as hot flashes, loss of desire for sexual activity, and urinary
incontinence (50). We showed that ADT duration was an essen-

tial risk factor for any mental health disorder among patients
with prostate cancer, which was supported by a previous study
(51). A previous clinical trial (52) reported that the short-term

ADT group had better quality of life and similar survival com-
pared with the long-term ADT group. The long-term use of ADT

was closely related to an increase in side effects, such as pro-
longed bed or chair stay, fatigue, and concentration problems

(52), which may explain the ADT dose-response relationship
found in our study.

Our study had several limitations. First, using EHR data may
have led to coding errors, which could misrepresent the true

impact of mental illnesses among prostate cancer survivors.
Because this study is based on diagnosis of mental illness, we do

not expect to capture milder forms of mental illness for which an
individual may not seek medical care. Surveillance bias is

expected because patients with prostate cancer will have more
hospital visits as part of their follow-up care than an individual

without cancer, but we observed some associations more than
5years after cancer diagnosis, a time period we expected to be

subject to less surveillance bias. We calculated missing BMI data
in some participants. We conducted sensitivity analyses by com-

paring adjustment of BMI with and without imputations to
ensure that the imputed BMI values did not influence inferences.
Treatment information was limited to claims data and EHR data,

which may not fully capture the patients’ complete treatment
regimens. We have no reason to suspect differential misclassifi-

cation, however, and any existing bias may lead our results
toward null. Moreover, we used broad categories and continuous

dosage to limit the potential influence of any misclassification.
Prostate cancer survivors may receive different treatment regi-

mens on the basis of various unrecorded factors, which may
introduce confounders and bias. Therefore, we adjusted for a

broad range of risk factors on the basis of a comprehensive evalu-
ation of confounding variables to minimize the impact of the

potential bias.
In conclusion, patients with prostate cancer had higher hazard

ratios for a range of mental health disorders during long-term fol-
low-up after cancer diagnosis than the general population. We

identified several potential risk factors for mental health disorders
among these patients and observed a dose-response association

between the risk of mental health disorders and the use of ADT
and RT in prostate cancer treatment. Our findings suggest that

psychological perspectives should be considered in the prostate
cancer treatment decision-making process.
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