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Widowed status predicts poor overall survival of Chinese patients
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Background: Little is known about the influence of marital status on Chinese prostate cancer (PCa)
patients. Marital status may have an impact on overall survival in Chinese men with prostate cancer.
Methods: We identified 4,208 Chinese patients diagnosed with PCa between 2004 and 2015 in the
Surveillance, Epidemiology, and End Results (SEER) database. Univariate and multivariate Cox proportional
hazard models were used to determine the impact of marital status on the overall survival (OS) of Chinese
PCa patients. Survival analysis was performed using the Kaplan-Meier method. Smoothing function and
threshold effect analysis were performed to determine the turning points of variables.

Results: Univariate analysis demonstrated that marital status, prostate-specific antigen (PSA) category,
surgery status, T stage, N stage, and M stage were associated with OS. Multivariate analysis further indicated
that marital status, PSA category, surgery status, T stage, and M stage were independent risk factors of OS.
Survival analysis demonstrated that the nonwidowed group had a better OS than the widowed group. The
risk of poor OS increased rapidly with the PSA level up to the turning point 15.6 and 45.4 ng/mL in the
nonwidowed group (HR =1.089; 95% CI: 1.064-1.115; P<0.0001) and the widowed group (HR =1.056; 95%
CI: 1.028-1.084; P<0.001), respectively.

Conclusions: In conclusion, this study demonstrated that widowed status greatly affects the OS of Chinese
PCa patients. Altogether, this study highlights the importance of psychological intervention, especially for
widowed Chinese PCa patients. Timely psychological intervention for widowed Chinese PCa patients might

improve the survival outcomes of PCa.
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Introduction

Prostate cancer (PCa) is the most frequently diagnosed
cancer and the third leading cause of death for men in
the United States (1,2). In China, the incidence of PCa
has increased rapidly and unexpectedly for the past
twenty years (3-6). Nowadays, the mechanism of PCa
remains poorly understood. Urologists endeavor to identify
risk factors associated with PCa since the identification and

© Translational Cancer Research. All rights reserved.

characterization of risk factors might provide further insight
into the treatment and prevention of PCa (7).

Nowadays, increased studies have assessed the influence
of marital status on overall survival among patients with
varieties of malignancy. However, whether marital status
plays an important role in overall patient survival is still
contentious. Adhering to the vow, “Til death do us part”,
might be associated with better survival benefits. Some
studies (8-12) indicated that patients’ marital status was a
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risk factor in their survival outcome. Other investigations
(12-14) reported that there was no significant association
between marital status and survival.

It is reported that marriage might have a strong effect on
various physiological behaviors (15,16). Married patients
with malignancy might derive tangible clinical benefits.
Only two studies have demonstrated the survival benefits
of marital status in prostate cancer patients. However, to
the best of our knowledge, no study reported the impact of
marital status on survival among Chinese PCa patients. In
this study, we used the Surveillance, Epidemiology, and End
Results (SEER) database to study the influence of marital
status on survival among Chinese PCa patients.

Method
Patient population and study design

The SEER database is maintained by the National Cancer
Institute and reserves demographics, incidence and survival
outcomes of patients (17). We used the SEER database
to identify 4,208 Chinese patients diagnosed in 2004
through 2015 with PCa. Patients with insufficient marital
status information were excluded from this study. The
following demographic variables of each Chinese patient
were collected: marital status (single, married, divorced/
separated, widowed), age, and diagnosed years. The
clinicopathological variables included grade, T stage, N
stage, M stage, and prostate-specific antigen (PSA). The
treatment variables included surgery status and survival
time. The primary survival outcome was overall survival
(OS), calculated as the date of the initial diagnosis to the
date of death due to all kinds of reasons.

Statistical analysis

All statistical analyses were performed using the R software
(version 3.4.3). Patient characteristics were compared with
the t-test or chi-squared test. Five-year survival rates were
estimated by using the Kaplan-Meier method. The effect
of marital status on the overall survival of PCa in Chinese
patients was estimated. Age, PSA level, marital status, and
surgery were adjusted for the Cox model. Subgroup analysis
was performed to determine the potential confounding
factors associated with marital status. Ninety-five percent
confidence intervals were calculated for each hazard ratio.
A two-piecewise linear regression model was applied
to examine the threshold effect of the PSA level on OS
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between the widowed group and the nonwidowed group
by using a smoothing function. The threshold level was
identified along a pre-defined interval, and the turning
point that gave the maximum model likelihood was
selected (18). P<0.05 was considered statistically significant.

Results
Patient characteristics

A total of 4,208 eligible Chinese patients with PCa from
the SEER database were identified in this study. Among
them, 3,641 (86.526%) were married, 277 (6.583%) were
single, 140 (3.327%) were divorced, and 150 (3.565%)
were widowed. The median follow-up time was 70, 61, 59,
and 67 months in married, single, divorced, and widowed
groups, respectively. The widowed group had the highest
proportion of elderly patients (270 years) (P<0.001),
more patients with PSA higher than 20 ng/mL (P<0.004),
the lowest proportion receiving surgery (P<0.001), and
the highest proportion of metastasis (P<0.001). The
characteristics of Chinese patients with PCa were listed in
Table 1.

Widows had poorer OS than patients who were
nonwidowed. The 5-year OS in married, single, divorced,
and widowed patients were 91.14%, 86.73%, 83.90%, and
76.89%, respectively (log-rank test, P<0.001). Univariate
analysis demonstrated that marital status, PSA category,
surgery status, T stage, N stage, and M stage were
associated with OS. Multivariate analysis further indicated
that marital status, PSA category, surgery status, T stage,
and M stage were independent risk factors of OS. The
widowed group had approximately 2-fold higher risk of
poor OS than that of the married group (HR =2.006; 95%
CI: 1.477-2.724; P<0.001). In terms of single and divorced
groups, the survival outcomes were comparable to the
married group (7able 2).

Married, single, and divorced groups were then
combined as the nonwidowed group because of the
comparable OS among these three groups. Subgroup
analysis was then performed in terms of the widowed
group and the nonwidowed group in Chinese patients
to determine the confounding factors between these
two groups. The characteristics of widowed patients and
nonwidowed patients are demonstrated in 7azble 3. Survival
analysis demonstrated that the nonwidowed group had a
better OS than those in the widowed group (Figure I).

The results of the subgroup analysis demonstrated that
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Table 1 The characteristics of Chinese patients with prostate cancer in different marital status

Marital status Married, N=3,641 Single, N=277 Divorced, N=140 Widowed, N=150
Age

<70 1,967 (54.024) 172 (62.094) 90 (64.286) 21 (14.000)

>70 1,674 (45.976) 105 (37.906) 50 (35.714) 129 (86.000)
Year

2004-2009 2,118 (58.171) 145 (52.347) 70 (50.000) 92 (61.333)

2010-2015 1,523 (41.829) 132 (47.653) 70 (50.000) 58 (38.667)
PSA category

<4 232 (6.372) 18 (6.498) 13 (9.286) 10 (6.667)

>4, <10 2,170 (59.599) 155 (55.957) 83 (59.286) 68 (45.333)

>10, <20 781 (21.450) 57 (20.578) 28 (20.000) 37 (24.667)

>20 458 (12.579) 47 (16.968) 16 (11.429) 35 (23.333)
Surgery

No 2,188 (60.093) 170 (61.372) 95 (67.857) 113 (75.333)

Yes 1,453 (39.907) 107 (38.628) 45 (32.143) 37 (24.667)
T

T 1,557 (42.763) 127 (45.848) 67 (47.857) 67 (44.667)

T2 1,666 (45.757) 113 (40.794) 50 (35.714) 68 (45.333)

T3 357 (9.805) 27 (9.747) 18 (12.857) 13 (8.667)

T4 61 (1.675) 10 (3.610) 5(3.571) 2(1.333)
N

NO 3,559 (97.748) 271 (97.834) 135 (96.429) 143 (95.333)

N1 82 (2.252) 6 (2.166) 5(3.571) 7 (4.667)
M

MO 3,535 (97.089) 260 (93.863) 135 (96.429) 138 (92.000)

M1 106 (2.911) 17 (6.137) 5 (3.571) 12 (8.000)

the receipt of surgery was associated with a better OS in
the nonwidowed group. However, surgery status was not
associated with OS in the widowed group. Lymph node
metastasis was not associated with OS in the nonwidowed
group and in the widowed groups. However, T4 stage,
PSA levels higher than 20 ng/mL, and distant metastasis
were associated with poor OS in the nonwidowed group.
The results showed that T4 stage, PSA levels higher than
20 ng/mL, and distant metastasis were not associated with
OS in the widowed group. To sum up, surgery, T-stage,
PSA levels higher than 20 ng/mL, and distant metastasis
might be confounding factors associated with OS in
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Chinese patients with PCa (1able 4).

The smooth function and threshold effect analysis was
performed to further validate the role of PSA levels on OS
in Chinese patients with PCa between the nonwidowed
group and the widowed group. The smoothed plots
indicated that nonlinear relationships between the PSA
level and OS in the widowed group and nonwidowed group,
respectively. The risk of poor OS was increased rapidly with
the PSA level up to the turning point 15.6 and 45.4 ng/mL
in the nonwidowed group (HR =1.089; 95% CI: 1.064-
1.115; P<0.0001) and widowed group (HR =1.056; 95% CI:
1.028-1.084; P<0.001), respectively. However, the increased
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Table 2 Univariate and multivariate analysis on the overall survival of Chinese prostate cancer patients
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Variables

Univariate

Multivariate

Marital status
Married
Married
Divorced
Widowed

PSA categories

1
1.317 (0.967, 1.794); 0.08056
1.395 (0.918, 2.121); 0.11872

2.525 (1.866, 3.418); <0.00001

1
1.061 (0.772, 1.457); 0.71543
1.398 (0.918, 2.127); 0.11804

2.006 (1.477, 2.724); <0.00001

<4 1 1

>4, <10 0.817 (0.568, 1.176); 0.27788 0.770 (0.534, 1.111); 0.16252

>10, <20 1.500 (1.028, 2.187); 0.03526 1.313 (0.897, 1.921); 0.16141

>20 3.286 (2.261, 4.776); <0.00001 2.175 (1.476, 3.207); 0.00009
Surgery

No 1 1

Yes 0.400 (0.327, 0.488); <0.00001 0.462 (0.368, 0.580); <0.00001
T

T1 1 1

T2 0.815 (0.686, 0.968); 0.01990 1.079 (0.893, 1.303); 0.43245

T3 0.680 (0.482, 0.959); 0.02776 0.895 (0.614, 1.304); 0.56217

T4 5.094 (3.424, 7.577); <0.00001 2.480 (1.590, 3.869); 0.00006
N

NO 1 1

N1 3.114 (2.116, 4.584); <0.00001 1.176 (0.762, 1.816); 0.46313
M

MO 1 1

M1 6.736 (5.136, 8.835); <0.00001 2.740 (1.983, 3.785); <0.00001

rate of risk of poor OS was decreased when the PSA level
was higher than the turning point 15.6 in the nonwidowed
group (HR =1.013; 95% CI: 1.005-1.021; P<0.0001).
However, there was no significant difference between poor
OS and PSA levels in the widowed group (HR =0.995; 95%
CI: 0.958-1.034; P=0.8037) when the PSA level was higher
than 45.4 ng/mL (Figure 2 and Table 5).

Discussion

Evidence has long been accumulating about the positive
association between better health and being married for a
number of reason (19,20). Marriage, as an important type
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of social support, plays an important role in mental and
physical health and mortality. Without social interaction
and emotional support, widowed patients are more likely
to receive less preventive healthcare and less aggressive
treatments (21,22). Thus, widowed patients are more likely
to diagnosed at a later stage of the disease and receive less
intensive therapies. What’s more, being widowed has a
greater impact on male cancer patients than female patients.
Thus, being widowed might have a greater impact on PCa
patients.

The results of this study demonstrate that widowed
status is a negative consequence for Chinese PCa patients,
which indicated that marital status has a favorable outcome
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Table 3 The characteristics of widowed patients and nonwidowed patients
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Marital status

Nonwidowed, N=4,058

Widowed, N=150

Age

<70 2,229 (54.929)

>70 1,829 (45.071)
Year

2004-2009 2,333 (57.491)

2010-2015 1,725 (42.509)
PSA categories

<4 263 (6.481)

=4, <10 2,408 (59.340)

=10, <20 866 (21.341)

>20 521 (12.839)
Surgery

No 2,453 (60.448)

Yes 1,605 (39.552)
T

T1 1,751 (43.149)

T2 1,829 (45.071)

T3 402 (9.906)

T4 76 (1.873)
N

NO 3,965 (97.708)

N1 93 (2.292)
M

MO 3,930 (96.846)

M1 128 (3.154)

21 (14.000)
129 (86.000)

92 (61.333)
58 (38.667)

10 (6.667)
68 (45.333)
37 (24.667)
35 (23.333)

113 (75.333)
37 (24.667)

67 (44.667)

68 (45.333)

13 (8.667)
2 (1.333)

143 (95.333)
7 (4.667)

138 (92.000)
12 (8.000)

for patients. Previous studies (9-11,23,24) also indicated
that marital status was associated with a favorable outcome
in various malignancies. However, in terms of PCa, only
two studies reported the same conclusions as this study. To
the best of our knowledge, it is the first study to report the
influence of marital status on OS in Chinese PCa patients.
In this study, marital status, PSA category, surgery status,
T stage, and M stage were independent risk factors of OS.
The widowed group had approximately a 2-fold higher risk
of poor OS than the married group. The survival outcomes
of the single and divorced groups were comparable to the
married group. This is in accordance with a previous study.
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Liu ez al. (25) reported that widowed men were more likely
to die because of PCa, with a 1.427-fold higher risk of death
than married men. The reasons why being married benefits
PCa patients can be explained in the following paragraphs.
First, the widowed PCa patients had the highest proportion
of elderly patients, more patients with PSA higher than 20
ng/mL, the lowest proportion receiving surgery, and the
highest proportion of metastasis. Second, surgery, T stage,
and PSA level higher than 20 ng/mL might be confounding
factors associated with OS in Chinese patients with PCa.
Compared with nonwidowed patients, widowed patients
had a lower proportion of surgical treatment, which may be
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Figure 1 Overall survival of Chinese prostate cancer patients

stratified by marital status.
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partly related to the poor OS. Third, the widowed group
cannot benefit from well-balanced lifestyles and social
interactions, which results in a poor prognosis.

In terms of the PSA category, we have demonstrated that
PSA level higher than 20 ng/mL was associated with poor
OS in Chinese PCa patients. In order to further validate
the relationship between PSA level and marital status,
a subgroup analysis was then performed to determine
the role of PSA level in the widowed group and the
nonwidowed group, respectively. The results indicated that
PSA level higher than 20 ng/mL was not associated with
a poor OS in the widowed group. However, there was a
significant difference associated with PSA level higher than
20 ng/mL and poor OS in the nonwidowed group. The
two-piecewise linear regression model was applied to

examine the threshold effect of the PSA level on OS

Table 4 Multivariate analysis on overall survival of Chinese patients stratified by marital status

Multivariate
Variable
Nonwidowed Widowed

PSA categories

<4 1 1

>4, <10 0.784 (0.534, 1.151); 0.21481 0.509 (0.143, 1.812); 0.29698

>10, <20 1.361 (0.914, 2.027); 0.12952 0.715 (0.192, 2.654); 0.61568

=20 2.179 (1.451, 3.272); 0.00018 1.639 (0.441, 6.091); 0.46057
Surgery

No 1 1

Yes 0.433 (0.341, 0.548); <0.00001 0.667 (0.295, 1.504); 0.32860
T

1 1 1

T2 1.163 (0.954, 1.416); 0.13440 0.535 (0.275, 1.039); 0.06473

T3 0.966 (0.652, 1.431); 0.86326 0.554 (0.144, 2.133); 0.39084

T4 2.648 (1.683, 4.167); 0.00003 1.381 (0.122, 15.572); 0.79397
N

NO 1 1

N1 1.138 (0.710, 1.822); 0.59124 1.343 (0.361, 4.994); 0.66006
M

Mo 1 1

M1 2.718 (1.928, 3.832); <0.00001

2.890 (0.934, 8.945); 0.06563
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Figure 2 The relationship between PSA level and overall survival
stratified by marital status. PSA, prostate-specific antigen.

Table 5 Threshold effect analysis of on using piecewise linear
regression

Marital status Nonwidowed Widowed

Inflection point (IP) of 15.6 45.4
PSA level (ng/mL)

Lower than IP 1.089 (1.064, 1.115); 1.056 (1.028, 1.084);

<0.0001 <0.0001

Higher than IP 1.013 (1.005, 1.021); 0.995 (0.958, 1.034);

0.0008 0.8037

between the widowed group and the nonwidowed group by
using a smoothing function. The threshold effect analysis
demonstrated that the turning points of the PSA level were
15.6 and 45.4 ng/mL in the nonwidowed group and the
widowed group, respectively. These results indicated that
the risk of poor OS increased sharply with the PSA level up
to 15.6 and 45.4 ng/mL in the nonwidowed group and the
widowed group, respectively. It is the first study to report
the relationship between the turning points of PSA level
and marital status. Further studies are needed to validate
these results.

Although this study is the first to explore the survival
disparity between widowed and nonwidowed groups in
Chinese PCa patients, the retrospective design and small
sample should not be ignored. In this study, we have
tried our best to analyze the differences in characteristics,
demographics, and survival outcomes in Chinese PCa
patients. This study also had some limitations. In the first
place, more specific data that might be associated with
the prognosis of PCa, such as social status; history of
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smoking, drinking, or hypertension; and education cannot
be acquired from the SEER database. Secondly, the time-
varying marital status cannot be acquired from the SEER
database. Therefore, marital status can only be analyzed
as a baseline variation. Third, the Gleason score was an
important risk factor associated with survival outcomes of
PCa. However, a large portion of Gleason score data was
missing in this study. Therefore, the Gleason score cannot
be analyzed in this study.

Conclusions

In conclusion, this study demonstrated that widowed
status greatly affects the OS of Chinese PCa patients.
Taken together, this study highlights the importance of
psychological intervention, especially for those who are
widowed Chinese PCa patients. Timely psychological
intervention for widowed Chinese PCa patients might
improve the survival outcomes of PCa.
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