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Marital status independently predicts prostate cancer

survival in men who underwent radical prostatectomy:
An analysis of 95,846 individuals
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Abstract. Marital status is an independent prognostic factor
for survival in several types of cancer, but has not been fully
studied in prostate cancer (PCa). A total of 95,846 men
diagnosed with PCa were treated with radical prostatec-
tomy (RP) between 2004 and 2009 within 18 Surveillance,
Epidemiology and End Results registries. Survival curves
were generated using Kaplan-Meier estimates and differ-
ences in survival were assessed using the log-rank test. Cox
regression models were used to assess the impact of marital
status on survival outcomes. The results demonstrated that the
8-year cancer-cause specific survival (CSS) rate of married
men was higher than unmarried individuals. Further analyses
revealed that divorced/separated men had a higher propor-
tion of high Gleason scores (GS) PCa at diagnosis [hazard
ratio (HR), 1.12; P=0.007] and those patients had the worst
survival outcomes independent of age, ethnicity, grade, stage
and sequence number [HR, 1.61; 95% confidence interval
(CD), 1.34-1.93]. Interestingly, it was observed that CSS among
divorced/separated men decreased as the GS increased (GS<6:
HR, 2.5; GS=7: HR, 1.71; GS=8: HR, 1.50; all P<0.05). Apart
from that, no significant differences in CSS were observed
in those who had never been married (HR, 1.20) or were
widowed (HR, 1.13) relative to the married group. The results
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of the present study support the hypothesis that marital status
is an independent prognostic factor among men with PCa who
underwent RP. It was demonstrated that the mortality rates of
divorced or separated men with PCa were significantly greater
compared with the other groups. A further understanding of
the potential associations among marital status, psychosocial
factors and survival outcomes may help in developing novel,
more effective methods of treating different groups of patients
with PCa.

Introduction

Socioeconomic and demographic factors, including marital
status, have a marked effect on the survival of patients with
various diseases. Compared with married patients with cancer,
patients with cancer who have never married, including
divorced, separated or widowed, exhibit shorter overall survival
(OS) and higher mortality rates (1-4). Previous studies have
described the importance of marital status on the outcomes
of patients with different types of cancer (4-7). However, the
influence of marital status on the survival rates of patients with
prostate cancer (PCa) remains controversial.

Two large-scale population-based studies, based on the
Surveillance, Epidemiology and End Results (SEER) database,
indicated that patients who were separated/divorced/widowed
(SDW) exhibited higher cancer-specific and overall mortality
rates (8,9). Similarly, another study (10) consisting of
3,570 patients with PCa treated in three prospective Radiation
Therapy Oncology Group clinical trials revealed that the
survival rates of unmarried individuals were significantly
decreased compared with married individuals. However,
a study by Schiffmann er al (11) using the Martini-Klinik
Prostate Cancer database indicated that married men with
PCa did not have a significantly higher OS rate compared with
SDW men over follow-up period of 48 months.

It has been demonstrated that the cancer-specific mortality
rate for PCa differs significantly between married and SDW
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individuals. However, there are no significant differences
in mortality rates between married individuals and those
that have never been married [hazard ratio (HR), 1.03; 95%
confidence interval (CI), 0.91-1.17] (8). Li et al (7) revealed
that widowed patients had the lowest survival rate among
patients with colorectal cancer (HR, 1.49, 95% CI, 1.45-1.53).
Furthermore, no clear differences were observed between
divorced/separated and married patients with pancreatic
cancer at any stage in cause-special survival (CSS) (12). All of
these indicate that the heterogeneity of unmarried individuals
may somewhat influence the predictive value. However,
previous studies (8-11) compared the survival outcomes of
patients with PCa in terms of marital status without differenti-
ating separated, divorced and widowed status. Several of these
studies (9-11) did not even distinguish between patients that
had never married and those that were SDW. In addition, the
proportion of married individuals in the population, the pros-
tate specific antigen (PSA) based screening strategy, mortality
rate, surgical equipment, as well as the guidelines, including
AUA (13) and EAU (14,15), have changed, which may affect
the impact of marital status on patient outcomes (16,17).

In the United States, PCa is the most commonly diagnosed
type of non-skin cancer and the second leading cause of
cancer-associated mortality in men (18). Marriage remains an
important part of many people's lives, therefore, data from the
SEER database was used to determine the aspects of marital
status that affect OS and CSS in patients with PCa who
underwent radical prostatectomy (RP).

Patients and methods

Patients. The current SEER database (November 2015
submission; http://seer.cancer.gov/), consisting of 18 popu-
lation-based cancer registries, represents ~28% of the entire
population in the United States. The SEER*Stat (National
Cancer Institute SEER*Stat software, version 8.3.2;
http://www.seer.cancer.gov/seerstat/) was used to identify a
cohort of patients with PCa with known marital status who
underwent RP between 2004 and 2009. The inclusion criteria
were as follows: i) Diagnosis of PCa confirmed by histology;
ii) age at diagnosis, >18 years old; iii) presence of a single PCa
or PCa as the first of =2 primary cancers; and iv) the cause of
mortality and survival time were documented. Additionally,
only patients with prostate adenocarcinomas, including 8,140,
8,141, 8,143, 8,255, 8,260, 8,310 and 8,323, as classified by
the International Classification of Diseases for Oncology,
3rd edition morphology codes system (19) were included in
the present study. Patients reported by a death certificate or
autopsies were excluded. Data regarding patients included
in the SEER database contain no identifiers and are publicly
available for cancer-based analyses. Therefore, extra informed
consent from patients and ethics committee approval were not
required.

Patient clinicopathological characteristics. Clinicopathological
parameters, including age at diagnosis, ethnicity, year of diag-
nosis, grade, SEER historic stage A, sequence number, Gleason
score (GS), marital status, cause of mortality and survival
months were extracted from the SEER database. According to
the SEER staging system, patients were categorized as localized
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or regional, or distant or unstaged. Within the SEER database,
marital status was recorded at the time of diagnosis. Patients
were categorized as married, divorced, widowed, separated
or never married. In the present study, separated and divorced
individuals in the separated and divorced groups were combined
into a divorced/separated group.

Statistical analysis. Two-sided ¥* tests were used to compare
patient baseline characteristics in different marital status
groups. As to follow-up time, one-way analysis of variance
and a post hoc test by Dunnett's test were used to compare the
difference. Survival curves were generated using Kaplan-Meier
estimates and differences in the survival rates were assessed
using the log-rank test. The impact of marital status and other
clinicopathological parameters on survival outcomes were
evaluated by building multivariable Cox regression models. The
primary endpoint of the present study was CSS. PCa-associated
mortality was treated as an event and mortality from other
causes was treated as a censored observation. The secondary
endpoint was OS. All statistical analyses were performed using
the statistical software package SPSS for Windows, version 19
(SPSS, Inc., Chicago, IL, USA). All P-values were two tailed
and P<0.05 was considered to indicate a statistically significant
difference.

Results

Patient characteristics. In total, 95,847 men with a histologi-
cally confirmed diagnosis of PCa who underwent RP between
2004 and 2009 were included in the present study. Of these,
78,244 (81.6%) were married, 9,072 (9.5%) were single,
6,627 (6.9%) were divorced/separated and 1,903 (2.0%) were
widowed (Table I). The mean follow-up time was 78.3 (22.8)
months. Men in the married group had the longest follow-up
time compared with the other three groups (all P<0.05). The
widowed group contained a significantly higher (P<0.05)
number of elderly patients (=66 years old), a higher propor-
tion of patients with distant disease and a higher proportion of
patients with a high GS (Gleason score, =8).

Marital status and OS. The 8-year OS was 93% in the
married group, 91% in the never married group, 88% in the
divorced/separated group and 86% in the widowed group
(P<0.001). Several other covariates, including an age =66 years
old (P<0.001), African-American ethnicity (P<0.001), poorly
or undifferentiated tumor grade (P<0.001), distant disease
(P<0.001), high GS (P<0.001) and the presence of =2 primary
types of cancer (P<0.001) were identified as significant risk
factors for poor OS following univariate analysis. These
covariates were further validated as independent prognostic
factors using multivariate analysis (Table II). Compared
with the married group, men in the three unmarried groups
tended to exhibit worse OS (never married group: HR, 1.39,
95% CI, 1.27-1.51; divorced/separated group: HR, 1.82, 95%
CI, 1.67-1.98; widowed group: HR, 1.69, 95% CI, 1.47-1.93),
following adjustment for age, ethnicity, tumor grade, tumor
stage, GS and sequence number (Table II).

Marital status and CSS. Compared with the married group,
men in the divorced/separated and widowed groups had a
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Table I. Baseline demographic and tumor characteristics of patients with PCa included in the SEER database between 2004-2009.

Patient Married, Never Divorced/separated, Widowed,
characteristics Total n (%) married, n (%) n (%) n (%) P-value
Cases 95,846 78,244 9,072 6,627 1,903

Age (years) <0.001
<50 6,277 4,703 (6.0) 1,078 (11.9) 468 (7.1) 28 (1.5)

51-65 64,529 52,525 (67.1) 6,320 (69.7) 4793 (72.3) 891 (46.8)
>66 25,040 21,016 (26.9) 1,674 (18.5) 1,366 (20.6) 984 (51.7)

Ethnicity <0.001
White 79,211 66,002 (84 .4) 6,605 (72.8) 5,086 (76.7) 1,518 (79.8)
African-American 11,431 7,785 (9.9) 2,049 (22.6) 1,305 (19.7) 292 (15.3)

Other® 5,204 4457 (5.7) 418 (4.6) 236 (3.6) 93 (4.9)

Grade <0.001
Well/moderately 39,512 32,435 (41.5) 3,774 (41.6) 2,594 (39.1) 709 (37.3)
Poorly/undifferentiated 56,200 45,710 (58.4) 5,281 (58.2) 4,022 (60.7) 1,187 (62.4)

Unknown 134 99 (0.1) 17 (0.2) 11 (0.2) 7(0.4)

SEER historic stage A 0.021
Localized/regional 95,187 77,706 (99.3) 9,004 (99.3) 6,593 (99.5) 1,884 (99.0)

Distant 146 120 (0.2) 10 (0.1) 8 (0.1) 8(0.4)
Unstaged 513 418 (0.5) 58 (0.6) 26 (0.4) 11 (0.6)

Sequence number <0.001
One primary only 88,407 72,070 (92.1) 8,466 (93.7) 6,162 (93.0) 1,709 (89.8)

Ist of 2 or more primaries 7,439 6,174 (7.9) 606 (6.7) 465 (7.0) 194 (10.2)

GS <0.001
<6 36,893 30,386 (38.8) 3,468 (38.2) 2,400 (36.2) 639 (33.6)

7 45,581 37,074 (47.4) 4367 (48.1) 3,216 (48.5) 924 (48.6)
=8 9,483 7,670 (9.8) 845 (9.3) 714 (10.8) 254 (13.3)
Unknown 3,889 3,114 (4.0) 392 (4.3) 297 (4.5) 86 (4.5)
Follow-up (months)® 78.3 78.7 76.6 76.8 77.0 <0.001

“Refers to American Indian/AK Native, Asian/Pacific Islander and unknown; "one-way analysis of variance. PCa, prostate cancer; SEER,

Surveillance, Epidemiology, and End Results; GS, Gleason score.

worse CSS (P<0.001, P=0.001, respectively), while men in
the never married group exhibited a similar CSS (P=0.134)
according to log-rank test (Fig. 1A). Cox regression multi-
variate analysis of CSS was performed and revealed that
the marital status and several other covariates remained as
independent prognostic factors (Table II). Compared with
young men and non-African-American men, elderly men and
African-American men had poorer CSS (HR, 1.46, 95% CI,
1.10-1.93; HR, 1.19, 95% CI, 1.01-1.40, respectively). GS=8
and combining with distant disease are predictive factors of
worse cancer-specific mortality (HR, 11.42, P<0.001; HR.11.27,
P<0.001, respectively). In terms of the marital status, men in
the divorced/separated group (HR, 1.61,95% CI, 1.34-1.93), but
not in the never married or widowed group (HR, 1.20, 95% ClI,
1.00-1.44; HR, 1.13,95% CI,0.81-1.58), had a poorer CSS, when
compared with men in the married group, following adjustment
for age, ethnicity, grade, stage, GS and sequence number.
Considering the effect of cancer stage and GS on CSS,
subgroup analyses were performed to assess if they influenced
the effect of marital status on CSS. The results demonstrated

that marital status was not a valid risk factor among men
with distant disease according to univariate and multivariate
analyses (P=0.146 and P=0.187, respectively). However, among
men diagnosed with localized/regional disease, marital status
significantly affected CSS (P<0.001; Table III). Furthermore,
marital status remained an independent prognostic factor in
each GS group, as determined by univariate and multivariate
analyses (Fig. 1B-D and Table IV). It was observed that the
HR of CSS among divorced/separated men decreased when
GS increased (GS<6: HR, 2.5, 95% ClI, 1.54-4.04; GS=7: HR,
1.71, 95% CI, 1.24-2.36; GS=8: HR, 1.50, 95% CI, 1.17-1.93;
all P<0.05).

Discussion

The effect of marital status on the survival of patients with
PCa who have undergone RP has been studied using SEER
and the Martini-Clinic Prostate Cancer database (8,11).
However, the results of these investigations have not been
consistent and no studies have been conducted focusing on
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Table II. Multivariate analysis evaluating the influence of marital status on OS and CSS.

Multivariate Multivariate
analysis analysis
8-year 8-year

Patient characteristics oS HR 95% CI P-value CSS (%) HR 95% CI P-value

Age (years) <0.001 <0.001
<50 96 Reference 99 Reference
51-65 94 1.65 (1.41-1.93) 98 1.07  (0.81-1.40)
=66 87 290 (247-340) 97 146  (1.10-1.93)

Ethnicity <0.001 <0.001
White 92 Reference 98 Reference
African-American 89 1.54 (1.43-1.65) 98 1.19 (1.01-1.40)

Other® 94 0.85  (0.75-0.96) 99 056  (041-0.75)

Grade <0.001 <0.001
Well/moderately 94 Reference 99 Reference
Poorly/undifferentiated 91 1.16  (1.04-1.30) 97 1.58 (1.18-2.10)

Unknown 73 229  (147-3.55) 90 479  (2.34-9.77)

SEER historic stage A <0.001 <0.001
Localized/regional 92 Reference 98 Reference
Distant 68 480 (3.60-6.40) 75 1127  (8.03-15.82)

Unstaged 86 147  (1.11-1.95) 96 1.75  (1.00-3.06)

Sequence number <0.001 <0.001
One primary only 94 Reference 98 Reference
Ist of 2 or more primaries 69 576  (5.45-6.09) 96 1.95 (1.68-2.27)

GS <0.001 <0.001
<6 94 Reference 99 Reference
7 92 1.10 (0.98-1.24) 99 1.53  (1.12-2.10)
>8 83 230  (2.03-2.62) 90 1142  (8.31-15.70)

Unknown 90 135 (1.14-1.61) 96 379  (2.61-5.52)

Marital status <0.001 <0.001
Married 93 Reference 98 Reference
Never married 91 1.39 (1.27-1.51) 98 1.20 (1.00-1.44)
Divorced/separated 88 1.82  (1.67-1.98) 97 1.61 (1.34-1.93)

Widowed 86 1.69  (1.47-1.93) 97 1.13  (0.81-1.58)

“Refers to American Indian/AK native, Asian/Pacific islander and unknown. PCa, prostrate cancer; OS, overall survival; CSS, cancer-cause
special survival; HR, hazard ratio; CI, confidence interval; SEER, Surveillance, Epidemiology, and End Results; GS, Gleason score; Reference,

reference group.

the heterogeneity of unmarried patients. Therefore, the present
study was performed to assess the effect of marital status
on the outcomes of men with PCa. Multivariate analyses of
95,847 men revealed that marital status was an independent
prognostic factor of OS and CSS. Compared with married
men, divorced or separated men with PCa had a higher GS
at diagnosis (HR, 1.12, 95% CI, 1.03-1.22) and those patients
exhibited the worst survival outcomes independent of age,
ethnicity, grade, stage or sequence number. Due to the distri-
butional discrepancies of GS, a grade-by-grade comparison
was performed. Interestingly, the HR of CSS for divorced
or separated men decreased when GS increased, compared
with married men (GS<6: HR, 2.5; GS=7: HR: 1.71; GS=8:
HR: 1.50, respectively).

Several hypotheses have been proposed to explain
the inferior survival outcomes of unmarried individuals.
Divorced/separated men are more likely to be diagnosed with
high grade PCa compared with married men (HR, 1.12, 95%
CI: 1.03-1.22, P=0.007). Furthermore, patients with PCa and
high GS have poorer PCa-related survival outcomes (20,21).
However, this does not explain why the married and widowed
patients, had a similar CSS. Psychosocial factors may account
for such a difference in CSS; for example, married men may
be encouraged by their spouses to choose a more curative
therapy (8,22,23).

It is known that men with cancer exhibit more severe
psychological distress than those with other chronic health
conditions (24). Separated and divorced individuals have a
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Table III. Univariate and multivariate analysis of marital status on prostate cancer-cause specific survival based on different

SEER historic stages.

Univariate analysis

Multivariate analysis

Marital status HR 95% CI P-value HR 95% CI P-value
Localized/regional <0.001 <0.001
Married Reference Reference
Never married 1.14 (0.95-1.38) 1.20 (0.99-1.44)
Divorced/separated 1.73 (1.45-2.08) 1.66 (1.39-1.99)
Widowed 1.50 (1.06-2.11) 1.17 (0.83-1.65)
Distant 0.187 0.146
Married Reference Reference
Never married 2.95 (1.13-7.68) 2.64 (0.96-7.23)
Divorced/separated 0.61 (0.60-4.41) 042 (0.05-3.40)
Widowed 1.25 (0.30-5.25) 0.72 (0.15-3.40)

HR, hazard ratio; CI, confidence interval; SEER, Surveillance, Epidemiology, and End Results; Reference, reference group.
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Figure 1. Survival curves in men with PCa who underwent radical prostatectomy according to marital status. (A) Survival curves in men with PCa regardless
of GS. ¥*=38.986, P<0.001. (B) Survival curves in men with PCa and a GS of 2-6. ¥*=27.111, P<0.001. (C) Survival curves in men with PCa and a GS of 7.
¥*=14.701, P=0.002. (D) Survival curves in men with PCa and a GS of 8-10. ¥>=9.946, P<0.019. PCa, prostate cancer; GS, Gleason score.
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Table IV. Univariate and multivariate analysis of marital status on prostate cancer-cause specific survival in terms of different

GS range.
Univariate analysis Multivariate analysis
Marital status HR 95% CI P-value HR 95% CI P-value
GS<6 <0.001 <0.001
Married Reference Reference
Never married 2.13 (1.37-3.33) 2.17 (1.39-3.41)
Divorced/separated 2.54 (1.57-4.11) 2.50 (1.54-4.04)
Widowed 2.80 (1.23-6.39) 1.75 (0.76-4.14)
GS=7 0.002 0.002
Married Reference Reference
Never married 1.32 (0.97-1.81) 1.37 (1.00-1.88)
Divorced/separated 1.67 (1.21-2.29) 1.71 (1.24-2.36)
Widowed 1.73 (0.99-3.01) 1.45 (0.83-2.52)
GS=8 0.009 0.02
Married Reference Reference
Never married 0.92 (0.69-1.22) 0.91 (0.68-1.22)
Divorced/separated 1.45 (1.13-1.86) 1.50 (1.17-1.93)
Widowed 0.86 (0.52-1.44) 0.85 (0.51-1.42)

HR, hazard ratio; CI, confidence interval; GS, Gleason score; Reference, reference group.

higher risk of distress [odds ratio (OR), 5.25; OR, 2.79, respec-
tively], whereas married are less likely to experience distress,
depression and anxiety (24,25). In addition, being married
is associated with higher perceived tangible and emotional
support (both P<0.001), which may influence follow-up care use
by fostering a sense of obligation to manage one's health and
encouraging access to medical care (26). Married men may also
benefit from increased financial resources and better access to
health insurance.

Psychosocial support may predict the prognosis of men with
cancer (27), Garssen (28) summarized the results of 70 prospec-
tive studies and revealed that a low level of social support
and chronic depression can predict unfavorable prognosis.
Neurohormones and neurotransmitters (cortisol and norepi-
nephrine), the vagal nerve and inflammation, DNA damage,
interleukin-1 and oxytocin may be specific mediators in this
potential association either by directly affecting tumorigenesis
or indirectly affecting other factors, such as cellular immu-
nity (27). It has been demonstrated that the activity of natural
killer cells is low when an individual perceives a lack of social
support (29), which may result in a failure to treat and control
cancer (30).

In the present study, as well as 88,407 patients with a single
primary PCa, 7,439 patients with >1 primary cancer were also
included. Among these patients, PCa was the first diagnosed
type of cancer. In the multivariate analysis, it was observed
that novel-onset cancer was associated with poorer OS and
CSS (HR, 5.76; HR, 1.95, respectively), following adjustment
for age, ethnicity, marital status, GS, stage and grade.

Compared with that in the married group, a higher propor-
tion of patients in the widowed group had distant disease
and a high GS (HR, 2.28, P=0.027; HR, 1.23, P=0.005,

respectively); however they had a similar CSS when compared
with the married group. By contrast, the results of previous
studies investigating two other types of solid cancer demon-
strated that widowed patients exhibited significantly poorer
CSS (7,12). Two possible reasons may explain this discrep-
ancy. Firstly, 1,765 of 13,370 patients with pancreatic cancer
and 21,279 of 112,776 patients with colorectal cancer were
widowed in these two studies. However, in the present study,
widowed men occupied a smaller fraction of the total cases
(1,903/95,846) and only 37 widowed men succumbed from
PCa with a mean of 77 months' of follow-up, which made it
hard to obtain positive observations. Secondly, ‘widowed’ in
the present study only referred to widowed men, which was
different from the definition of ‘widowed’ in the other studies
investigating pancreatic and colorectal cancer. Therefore, the
CSS of widowed patients with PCa should be further analyzed
in a large-scale population.

The current study demonstrated that, among men with
localized or regional PCa, marital status was an independent
prognostic factor of CSS (P<0.001). However, among those
diagnosed with distant PCa, there was no difference in CSS
among men with different marital status, as determined by
univariate and multivariate analyses (P=0.146 and P=0.187,
respectively). This may have been due to the small sample size,
which only accounted for 0.152% of the total patients, which
may make it more difficult to detect the effect of marital status
on CSS in patients with PCa.

Although all data were derived from a large population-based
study, several potential limitations should also be taken into
consideration. Firstly, PSA levels in men diagnosed between
2004 and 2009 are currently being removed and reviewed for
potential error. PSA was introduced as a component of staging
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in the 7th edition of American Joint Committee on Cancer
(AJCC) in 2010 (31). It was difficult to convert from AJCC 6th
to AJCC 7th; therefore, SEER historic stage A, which catego-
rizes cancer as localized or regional, distant or unstaged, was
used instead of the AJCC staging system. The SEER database
does not collect information concerning education, insurance
and income status, diet, or family status, all of which may influ-
ence the effect of the marital status on patient survival (9,32-35).
Furthermore, the quality of marriage is hard to document, and
the marital status may change over time. As the current study
did not identify whether unmarried men lived with their part-
ners, a more concrete conclusion could not be reached. Thirdly,
information regarding comorbidities, including diabetes,
hypertension, cardiovascular disease and several other chronic
illnesses, which have been proven to exhibit an impact on cancer
survival (36-38), were not included in the SEER database. Lack
of these covariates may partial bias the observations of the
present study.

To conclude, the results of the current study support the
hypothesis that marital status is an independent prognostic
factor of OS and CSS. Divorced or separated men are more
likely to exhibit a higher GS PCa at diagnosis and the poorest
survival outcomes independent of age, ethnicity, grade, stage
and sequence number. This association between marital
status and poor outcomes was maintained in each GS group.
Psychosocial factors may be the main reasons for the poorer
survival outcomes of divorced or separated men. Although
patients in the widowed group had a higher proportion of
patients with distant disease and high GS, they had a similar
CSS compared with the married group. Considering the low
proportion of widowed men included in the current study,
a large-scale study involving widowed patients with PCa is
required. Further understanding of the potential associa-
tions among the marital status, psychosocial factors, survival
outcomes may help in identifying sound strategies of treating
men with PCa.
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