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Abstract
Introduction: Marital status has long been associated with positive patient outcomes
in several malignances; however, little is known about its influence on prostate cancer.
We analyzed data from the Surveillance, Epidemiology, and End Results (SEER)
database to evaluate whether married patients with prostate cancer had a better
prognosis than the unmarried.
Methods: We identified 824 554 patients diagnosed with prostate cancer between
1973 and 2012 in the SEER database. Using the Cox proportional hazard models, we
analyzed the impact of marital status (single, married, divorced/separated, and

widowed) on survival after diagnosis with prostate cancer. Chi-square tests were used
to analyze the association between marital status and other variables, and the Kaplan–
Meier method was used to estimate survival curves.
Results: Married men were more likely to be diagnosed with a lower Gleason score
and undergo surgery than patients in the other groups (p<0.001). The married group
had a lower risk of mortality caused by prostate cancer than the other groups. The
five-year survival rate for married patients was higher than that for patients in the
other groups.
Conclusions: Marital status is a prognostic factor for the survival of prostate cancer
patients, as being married was associated with better outcomes.

Introduction
Social support is a major protective factor for mental and physical health and
mortality, with an effect comparable to that of smoking cessation.1, 2 Various studies
have demonstrated that social interaction is beneficial in alleviating loneliness and
promoting self-management of chronic diseases.3, 4 Marriage is one the most
important types of social support, which has a strong effect on various physiological
mechanisms.5 Because of the emotional support and social interaction provided by
marriage, married patients are more likely to maintain healthy behaviors, such as
having better diets, participating in more physical activities, and receiving more
preventive healthcare and more aggressive treatments.6-8
Among the cancer patient population, marriage has proved to be a prognostic
factor for a variety of cancers, such as colon adenocarcinoma,9 bladder cancer,10
breast cancer,11 lung cancer,12 and gastric cancer.13 However, only one study has
demonstrated the survival benefits of marriage in prostate cancer patients.14 One of
the reasons why married cancer patients may have better outcomes is that they are
more likely to be diagnosed at an earlier stage of the disease and receive more
intensive therapies.15,16 Meanwhile, the benefits of marriage are greater among male
cancer patients than among female patients.17,18 Since prostate cancer is the most
common male-specific cancer,19 it is of interest to investigate the relationship between
marital status and prostate cancer. We addressed this issue based on data in the
Surveillance, Epidemiology, and End Results (SEER) database from 1973 to 2012. In
this study, we focus on a more detailed analysis of prostate cancer, to determine the
association of marital status and cancer outcomes, including early-stage diagnosis,
possibility of undergoing surgery, and overall survival in patients. Furthermore, we
offer new insights into how marriage plays a prominent role through subgroup
analysis using the Gleason score.

Methods
Study population
The National Cancer Institute’s SEER program contains information on cancer
statistics of the U.S. population since 1973. We collected data from the May 3, 2017
submission of the SEER Database (https://seer.cancer.gov/). Prostate cancer cases
were identified by the International Classification of Disease for Oncology, Third
Edition, (ICD-O-3/WHO2008) code C61.9. All prostate cancer patients who were
reported to cancer registries by hospitals were included. Patients with insufficient
Gleason score information were excluded from our study. Thus, a total of 824554
patients were evaluated (Fig.1). This study was carried out in accordance with The
Code of Ethics of the World Medical Association (Declaration of Helsinki).
Statistical methods
We obtained information routinely recorded at diagnosis for each patient, including
marital status (married, single, divorced/separated, widowed), age (<70 and ≥70), race
(white, black, other), Gleason score (≤7, >7), surgery (yes, no), and survival months.
Chi-square tests were used to assess the association between two categorical variables.
The Kaplan–Meier method was used to estimate 5-year survival rates. The Cox
proportional hazard models were used to evaluate the effect of marital status on the
risk of death from prostate cancer. The Cox model was adjusted for age, race,
marriage, Gleason score, and surgery, and 95% confidence intervals were calculated
for each hazard ratio. All statistical analyses were performed using the Stata/SE 12.0
statistical software.
Results
Patient demographics
We identified 824554 prostate cancer patients from the SEER database (Fig.1). In the
cohort, 9.4% were single (i.e., never married), 76.8% were married, and 6.8% were
widowed. Those separated and divorced were grouped together as the
divorced/separated group (7.0%). Patient characteristics are presented in Table 1. The
mean age of married men was higher than that of patients in the single and
divorced/separated groups (p<0.0001). Married men had a median age of 68 years,
while the single and divorced/separated groups had a median age of 65 years (Table 1).
The widowed group had the oldest age at diagnosis with a median age of 76).
The Gleason score act was a significant biomarker for the prediction of prostate
cancer at the pathological stage.20 We obtained the Gleason score dates from the
SEER database and used it in our analysis. Married patients were more likely to be
diagnosed at a low-risk stage (Gleason score≤7) than the single, divorced/separated,

and widowed groups (p<0.0001). Among married men, 37.1% were diagnosed at a
high-risk stage (Gleason score>7), while 40.6% single, 41.3% divorced/separated, and
39.4% widowed patients were diagnosed at a high-risk stage (p<0.0001).
Furthermore, a significantly higher proportion of married patients (52.6%)
underwent surgery compared with those in the other groups (p<0.0001). Surgery was
performed on 46.5% of single men, 46.1% of divorced/separated men, and 45.1% of
widowed men.

Impact of marital status on overall survival rate
The Kaplan–Meier survival curves are presented in Fig.2. Log-rank tests showed that
married patients (the upper most line) had best survival compared with all the other
groups (p<0.001). The 5-year survival rate was 81.5% for married, 77.9% for single,
77.3% for divorced/separated, and 58.5% for widowed groups. The overall 5-year
survival rate for the unmarried group was 71.8% and approximately 6.1 percentage
points lower than that of the married group.
In the Cox proportional hazard models, marital status served as a significant
predictor of the risk of death from prostate cancer (p<0.001). This prognostic effect
was independent of age, race, Gleason score, and surgery status (p<0.01 for all).
Married men had a lower risk of death from prostate cancer than single patients (HR:
0.8736, 95%CI: 0.8632–0.8840). The widowed men were most likely to die because
of cancer, with a relative risk of death of 1.4270 (95%CI: 1.4164–1.4377, p<0.0001).
Increasing age, being black, elevated Gleason score, and no surgery were significantly
correlated with a higher risk of death due to prostate cancer (p<0.0001 for all).
We have demonstrated that married people were more likely to be diagnosed at a
lower Gleason score level. Furthermore, we suspect that marriage had a protective
effect on patients with the same Gleason score. To further investigate this, we
conducted subgroup analysis within the same Gleason score level. Five-year survival
rates for married people were significantly higher than that of all other groups for
different Gleason score levels. Among patients with Gleason scores ≤7, the 5-year
survival rate was 94.5% for married patients, 93.3% for single patients, 92.4% for
divorced/ separated patients, and 90.9% for widowed patients (Fig. 3A). Similarly, the
5-year survival rate for married patients in the subgroup with Gleason scores >7 was
81.1%, while it was 76.9% for single, 74.5% for separated/divorced, and 72.2% for
widowed patients (Fig. 3B). Meanwhile, we can infer from Fig.3 that married patients
were more likely to be diagnosed 3 years older in median age compared with single or
divorced/separated patients in prostate cancer. This phenomenon may be explained by
two opposing effects: a delay in the onset of the disease or a delay in detection of the
disease. We believe that since marriage had a positive protective effect on prostate

cancer patients, diagnosis of the disease in married patients at an older age may result
from a later onset of the disease.
Discussion
We identified 824554 cancer patients from the SEER database. In this study, we
demonstrated that marriage served as a protective factor for prostate cancer patients.
The Kaplan–Meier survival curves showed that married patients had significantly
higher 5-year survival rates than single, divorced/separated, and widowed patients.
Furthermore, in the Cox proportional hazard models, we observed that marital status
served as a significant predictor of risk of death from prostate cancer (p<0.001).
Why does marital status result in such favorable outcomes for prostate cancer
patients? The benefits can be explained in two points. First, health plays a major role
in marital transitions. Men who enjoy robust health are more likely to have a happy
marriage.21 Furthermore, married people who benefit from well-balanced lifestyles
and social interactions could obtain a favorable prognosis. Previous studies have
observed this outcome in various human malignancies.9-13 In this study, a higher
proportion of married patients underwent surgery compared to other groups.
Encouragement from their spouse may enable prostate cancer patients to have a
stronger will to live, and they are more likely to receive aggressive and standard
treatments. This is also in accordance with previous studies.6-8 When patients were
first diagnosed with prostate cancer, a significant number of married patients were
detected at an earlier stage. This suggests that marriage helps men monitor their health
and undergo a routine medical checkup.
Although all unmarried groups showed poorer survival expectations compared to
the married group, the widowed group showed the poorest prognosis. We believe that
this phenomenon demonstrates that marriage provides men with a strong social
support system to improve their prognosis after being diagnosed with a malignancy.
Single and separated patients are more prepared to establish social relationships other
than marriage compared with widowed patients. Depression is widely documented in
the widowed population; therefore, the widowed group had the worst prognosis.
Previous studies have confirmed that social support is significantly associated with
biological processes that may alleviate the harmful effects caused by stress. Stress,
especially depressive symptoms, can stimulate tumor progression via immunological
and neuroendocrine pathways.6,7,22 Breast cancer studies showed that married patients
had higher levels natural cell activity, while the immune capacity of the unmarried
patients was reduced.23,24 Most single or divorced patients retain or develop an
additional source of social support, whereas widowed patients lack this. Our data
further emphasized the important protective effects of marriage on prostate cancer
prognosis. Meanwhile, it is easy to understand that elderly patients have poor

prognosis. As people age, their healthy immune system gradually declines, and they
accumulate more oxidative stress and senescent cells.25
Our study has some strengths. We controlled data for the different stages of
cancer progression at baseline and divided the patients into two groups according to
their Gleason scores. Using this, we observed that marriage exerted a protective effect
in these two groups. Furthermore, the protective effect of marriage is more evident in
patients with cancer in the initial stage.
However, our study also had some limitations. First, although the SEER database
provided abundant and representative data, an obvious limitation is that the data were
simple demographics rather than specific control variables. We could not acquire
variables such as education, wealth, and social status, which are also significantly
associated with prostate cancer prognosis.26 Furthermore, it is possible that men with
good financial conditions and higher social status are more likely to get married.
Meanwhile, tobacco use was associated with incidences of highly malignant prostate
cancer.27 In addition, married men are more likely to refuse smoking;28 therefore, a
better survival rate of married patients in our study is a result of multiple factors.
Third, information on marital transition since diagnosis is not available in the
database. Therefore, the marital status was analyzed as a baseline variate rather than a
time-varying covariate.
Despite these potential limitations, we have demonstrated that marriage is
significantly associated with better survival outcomes for prostate cancer patients, and
could be assessed by clinicians as a predicator of survival in cancer patients. Taken
together, our study suggests that, because of the protective role of marriage in prostate
cancer patients, additional social and community support should be strengthened in
prostate cancer patients, especially in unmarried patients; nevertheless, future research
is needed to uncover the underlying causes of the benefits of marriage.
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Figures and Tables
Fig, 1. Flow chart of patients’ cohort definition.

Fig. 2. Kaplan-Meier plots of survival curves by marital status. The five-year survival
rate was 81.5% for married, 77.9% for single, 77.3% for divorced/separated, and 58.5%
for widowed groups.

Fig. 3. Median age at diagnosis and five-year survival rates by Gleason score and
marital status. (A) Five-year survival rate and median age among patients with
Gleason scores ≤7; (B) five-year survival rate and median age among patients with
Gleason scores >7.

Table 1. Baseline characteristics of the prostate cancer patients according to marital status
(n=824 554)
Variable
Single
Married
Divorced/
Widowed
p
separated
Total
77 831
633 175
57 443
56 105
Age, years
<0.0001
Mean ± SD
65.3±9.8
67.6±9.1
65.4±8.7
76.0±8.6
Median
65
68
65
76
Race, n (%)
<0.0001
White
55 939 (71.9) 530 732 (83.8) 42 435 (73.9)
45 551 (81.2)
Black
17 517 (22.5)
58 497 (9.3)
12 421 (21.6)
7213 (12.9)
Other
4375 (5.6)
43 946 (6.9)
2587 (4.5)
3341 (5.9)
Gleason
<0.0001
score, n (%）
Low-risk
(≤7)
High-risk
(8+)
Surgery, n
(%)
Yes
No

46 202 (59.4)

398 028 (62.9)

33 718 (58.7)

33 998 (60.6)

31 628 (40.6)

234 908 (37.1)

23 725 (41.3)

22 107 (39.4)
<0.0001

36 168 (46.5)
41 663 (53.5)

333 043 (52.6)
300 132 (47.4)

26 484 (46.1)
30 959 (53.9)

25 314 (45.1)
30 791 (54.9)

Table 2. Hazard ratios of risk of death by Cox proportional hazard model
Variable
HR (95% CI)
p
Age
1.0936 (1.0931–1.0940)
<0.0001
≥70 years (ref: <70)
Race (ref: White)
Black
1.0899 (1.0787–1.1012)
<0.0001
Other
0.9568 (0.9499–0.9637)
<0.0001
Marital status (ref: single)
Married
0.8736 (0.8632–0.8840)
<0.0001
Divorced/separated
1.0082 (1.0025–1.0139)
0.005
Widowed
1.4270 (1.4164–1.4377)
<0.0001
Gleason score (ref: ≤7)
>8
1.4554 (1.4451–1.4657)
<0.0001
Surgery (ref: no)
Yes
0.6875 (0.6829–0.6921)
<0.0001
CI: confidence interval; HR: hazard ratio.

