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Abstract
Introduction: It remains unclear whether marital status could affect the breast can-
cer‐caused special survival (BCSS) of patients with breast cancer. Therefore, we 
sought to explore the influence of demographic and pathological factors on prognosis 
of patients with breast cancer.
Materials and methods: We selected patients meeting the eligibility criteria from 
the Surveillance, Epidemiology, and End Results (SEER) cancer registry program. 
We assessed the effect of marital status on overall survival (OS) and BCSS using 
Kaplan‐Meier curve and multivariate Cox proportional hazards regression.
Results: Compared with divorced/separated/widowed (DSW) patients, the married 
(AHR 0.7483, 95% CI: 0.729‐0.7682, P < 0.001) and single patients had better BCSS 
(AHR 0.9096, 95% CI: 0.8796‐0.9406, P < 0.001). Married patients kept better prog-
nosis among all age subgroups, while the better BCSS of single patients occurred 
only in groups older than 35 years. As for race and hormone receptor status (HRs), 
the better BCSS of single patients was only observed in white race (AHR 0.881, 95% 
CI: 0.8457‐0.9177, P < 0.001) and patients with ER+/PR + status (AHR 0.8844, 
95% CI: 0.8393‐0.932, P < 0.001).
Conclusion: Our findings demonstrated that married and single patients with breast 
cancer had better prognosis than their DSW counterparts. Age, race, and HRs could 
affect the correlation between marital status and BCSS.
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1 |  INTRODUCTION

Psychosocial factors are associated with the outcome of 
cancer patients. It can be said with certainty that cancer pa-
tients could obtain better prognosis from some psychosocial 
factors like coping strategies, emotional support, and social 
integration.1,2 Marriage is one of the most important forms 
of social relations influencing on cancer patients. Previous 
studies have demonstrated that marital status could affect the 
survival outcome of several kinds of cancers, and it might 
act as an independent prognostic factor for overall survival 
(OS) in patients with breast cancer.3-5 Married patients were 
considered to have more emotional and financial support, 
which helps them to be diagnosed at earlier stage and re-
ceive proper treatments with better adherence, then finally 
prolong their overall survival.6-9 However, further analysis 
of marital subgroups was neglected, which might reveal the 
potential mechanism generating the influence of marital sta-
tus on prognosis.

Breast cancer is the most frequently diagnosed cancer for 
women worldwide and is also the leading cause of cancer 
death for female patients in over 100 countries.10 The inci-
dence of breast cancer in the US population is expected to 
reach 30%‐40% by 2020.11 As a systemic disease, the forma-
tion of breast cancer is due to complex interaction of psycho-
social and physiological factors.12 Recently, the association 
between marital status and OS has been studied for some 
cancers. These studies proved that marital status acts as an 
independent prognostic factor for survival in patients with 
several cancers including breast cancer, and married patients 
gain a significant survival benefit compared with unmarried 
patients.13-20 These conclusions suggest us a general relation-
ship between marital status and the survival of breast cancer 
patients. However, some specific problems still need to be 
solved. First, most of these studies only took OS into consid-
eration and neglected to investigate cancer‐specific survival, 
including breast cancer‐caused special survival (BCSS). 
Second, majority of their data were based on small samples, 
restricted by population diversity or limited follow‐up time. 
Moreover, previous studies neglected to explore the differ-
ence among the unmarried groups and whether the effect 
of marital status on prognosis differs across patients' demo-
graphic and pathological subgroups.15,17 Among these, age 
and hormone receptor status (HRs) were reported as two key 
independent prognostic factors for breast cancer survival.21

In view of present research station, we conducted this 
analysis to explore the correlation between marital sta-
tus and BCSS and whether the association varied by age, 
race, and HRs. Our study was based on the data provided 
by Surveillance, Epidemiology, and End Results (SEER) 
cancer registry program. The SEER database includes pop-
ulation‐based data from 18 cancer registries in population‐
based catchment areas related to cancer diagnoses, treatment 

and survival in approximately 30% of the population in the 
United States from 1973 to 2014.22

2 |  MATERIALS AND METHODS

2.1 | Patient selection and data extraction
To estimate the correlations between marital status and BCSS 
in patients, we used SEER*Stat 8.3.4 software to extract eli-
gible patients included in the database. We enrolled a total of 
476 028 patients diagnosed with breast cancer, who were aged 
18 years or above at diagnosis, between 2004 and 2012. After 
excluding cases diagnosed using autopsy or death certificates 
only, we selected 298 434 patients according to the following 
criteria: (a) only one primary malignancy in their lifetime; 
(b) limited to the following histological types, according to 
the International Classification of Diseases for Oncology, 
3rd Edition (ICD‐O‐3): 8500, 8501, 8510, 8512, 8513, 8514, 
8520, 8521, 8522, 8523, 8524, 8525, 8530, and 8541; (c) 
known race; (d) known marital status; (e) known grade; (f) 
known stage (Breast Cancer Adjusted AJCC Cancer Staging 
Manual 6th Edition); (g) known surgery situation; and (h) 
known survival months after diagnosis. We excluded patients 
for whom the aforementioned data were missing. Marital 
status at diagnosis was the primary variable of interest, and 
participants were classified as married, single, and divorced/
separated/widowed (DSW), which were considered as unfa-
vorable marital status. The access to and use of SEER data 
did not require informed patient consent, and all procedures 
were performed in accordance with approved guidelines. The 

F I G U R E  1  Flowchart for included patients from the SEER



4908 |   ZHAI et Al.

Ethics Committee of the Second Affiliated Hospital of Xi'an 
Jiaotong University approved this study.

2.2 | Statistical analysis
Descriptive statistics were performed to investigate baseline 
characteristics of the patient population. Patients' clinical char-
acteristics were compared between different categories of mar-
ital status using the Chi‐squared test. We evaluated the OS and 
BCSS rates among different categories of marital status using 
Kaplan‐Meier curves and the log‐rank tests. For multivariate 
analysis, multivariate Cox proportional analyses were used to 
calculate hazard ratios (HR) and their corresponding 95% con-
fidence intervals (CI), to assess the influence of marital status 
on overall and cancer‐specific survival. We also explored the 
effect of marital status according to age, race, and HRs using 
Cox regression analyses and calculated the adjusted hazard 
ratio (AHR) to assess the survival difference among marital 
subgroups in special demographic or pathological subgroups. 
A two‐sided P value of less than 0.05 was determined to be 
statistically significant. All statistical analyses were performed 
and figures were created using R 3.5.3 software (R Foundation 
for Statistical Computing, Vienna, Austria).

3 |  RESULTS

3.1 | Patients' baseline characteristics
In view of the inclusion criteria, this study included 298 434 
patients diagnosed with breast cancer between 2004 and 
2012. A flowchart of the study participant selection process 
was shown in Figure 1. The 10‐year survival rate for the mar-
ried, single, and DSW participants was 79.9%, 71.1% and 
59%, respectively. As shown in Table 1, there were many 
more female participants (296  500; 99.4%) than the males 
(1934; 0.6%), so it was inappropriate to compare clinico-
pathological characteristics by sex. Among eligible patients, 
176 109 (59.0%) were married at diagnosis, 43 262 (14.5%) 
were single, and 79  063 (26.5%) were DSW. The rate of 
being married was higher among patients aged 35‐70 years, 
as well as among Asian or Pacific Islanders (API), and this 
rate decreased with higher tumor stage. Black patients, as 

well as patients younger than 35 years, showed the highest 
rate of being single. And not surprisingly, the rate of being 
DSW was highest among patients aged 70  years or older. 
Compared with the single or DSW, tumors in the married 
were more inclined to be at stage 0 or I. There was a less pro-
portion of being dead attributable to breast cancer in the mar-
ried subgroup as well. In addition, married patients received 
more surgeries either in the females or males, and the females 
received more breast‐conserving surgery (BCS) (Table 2).

3.2 | Effects of marital status on overall 
survival and cancer‐specific survival
Kaplan‐Meier curves were generated by marital status to es-
timate overall and cancer‐specific survival of patients with 
breast cancer. In further log‐rank tests, the married subgroup 
showed significantly (P < 0.001) better OS and BCSS than 
the unmarried groups, while there was no significant dif-
ference of BCSS between the single and the DSW (Figure 
2). Considering the possible interaction among variables, 
we then conducted multivariate Cox regression analysis. 
It turned out that compared with the DSW, being married 
and being single were both related to better OS (married: 
HR 0.6444, 95% CI: 0.6318‐0.6573, P < 0.001; single: HR 
0.8712, 95% CI: 0.8484‐0.8947, P < 0.001) and BCSS (mar-
ried: HR 0.7483, 95% CI: 0.729‐0.7682, P < 0.001; single: 
HR 0.9096, 95% CI: 0.8796‐0.9406, P < 0.001). As for age 
subgroups, patients aged 70 years or older suffered worse OS 
(HR 3.3121, 95% CI: 3.2506‐3.3748, P < 0.001) and BCSS 
(HR 1.8478, 95% CI: 1.8005‐1.8963, P  <  0.001) than pa-
tients aged 35‐70 years or younger than 35 years, between 
which there was no remarkable difference of survival ob-
served. Compared with female patients, male experienced 
worse OS (HR 1.5298, 95% CI: 1.4112‐1.6584, P < 0.001) 
and BCSS (HR 1.2934, 95% CI: 1.1553‐1.448, P < 0.001). In 
different race subgroups, API patients showed better progno-
sis, while the black showed worse BCSS (using the white as 
reference; API: BCSS‐HR 0.7619, 95% CI: 0.7262‐0.7993, 
P < 0.001; black: BCSS‐HR 1.2984, 95% CI: 1.2602‐1.3379, 
P < 0.001). Compared with patients without surgery, better 
BCSS was observed across those who received BCS (HR 
0.3349, 95% CI: 0.322‐0.3483, P < 0.001) or other operations 

F I G U R E  2  Kaplan‐Meier Survival 
curves: The overall (A) and cancer‐caused 
special survival (B) of patients with breast 
cancer according to marital status
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(HR 0.4234, 95% CI: 0.4087‐0.4386, P < 0.001). In addition, 
the higher the grade, the worse the prognosis. And similar 
trends could be found across the stage. Compared with other 
HRs subgroups, the subgroup of estrogen receptor positive 
and progesterone receptor positive (ER+/PR+) was associ-
ated with better OS and BCSS (Table 3).

3.3 | Effects of marital status stratified by 
demographic and pathological subgroups
To further investigate the prognostic effect of marital 
status on prognosis by different demographic and patho-
logical subgroups, we stratified all cases according to age, 

T A B L E  1  Baseline clinicopathological characteristics of patients with breast cancer in SEER database

Characteristics Total Married Single DSW P‐value

Overall 298 434 176 109 (59%) 43 262 (14.5%) 79 063 (26.5%)  

Age (years)         <0.001

<35 6813 3807 (55.9%) 2551 (37.4%) 455 (6.7%)  

35‐70 219 252 142 260 (64.9%) 34 869 (15.9%) 42 123 (19.2%)  

≥70 72 369 30 042 (41.5%) 5842 (8.1%) 36 485 (50.4%)  

Sex         <0.001

Female 296 500 174 763 (58.9%) 42 984 (14.5%) 78 753 (26.6%)  

Male 1934 1346 (69.6%) 278 (14.4%) 310 (16%)  

Race         <0.001

White 241 019 146 707 (60.9%) 30 110 (12.5%) 64 202 (26.6%)  

Black 31 729 11 973 (37.7%) 9720 (30.6%) 10 036 (31.6%)  

AN/AI 1542 794 (51.5%) 307 (19.9%) 441 (28.6%)  

API 24 144 16 635 (68.9%) 3125 (12.9%) 4384 (18.2%)  

Stage         <0.001

Stage 0/I 138 499 85 193 (61.5%) 16 938 (12.2%) 36 368 (26.3%)  

Stage II 108 087 63 388 (58.6%) 16 666 (15.4%) 28 033 (25.9%)  

Stage III 39 362 21 795 (55.4%) 6955 (17.7%) 10 612 (27%)  

Stage IV 12 486 5733 (45.9%) 2703 (21.6%) 4050 (32.4%)  

Grade         <0.001

Grade I 59 689 36 007 (60.3%) 7 424 (12.4%) 16 258 (27.2%)  

Grade II 128 227 75 435 (58.8%) 17 766 (13.9%) 35 026 (27.3%)  

Grade III 107 872 63 108 (58.5%) 17 604 (16.3%) 27 160 (25.2%)  

Grade IV 2646 1559 (58.9%) 468 (17.7%) 619 (23.4%)  

Surgery         <0.001

BCS 163 932 98 869 (60.3%) 22 091 (13.5%) 42 972 (26.2%)  

Other 121 334 71 667 (59.1%) 18 162 (15%) 31 505 (26%)  

No surgery 13 168 5573 (42.3%) 3 009 (22.9%) 4 586 (34.8%)  

HRs         <0.001

ER+/PR+ 192 975 115 270 (59.7%) 27 030 (14%) 50 675 (26.3%)  

ER+/PR- 34 393 19 488 (56.7%) 5008 (14.6%) 9897 (28.8%)  

ER‐/PR+ 3223 1951 (60.5%) 531 (16.5%) 741 (23%)  

ER‐/PR‐ 54 669 32 027 (58.6%) 8727 (16%) 13 915 (25.5%)  

Other 13 174 7373 (56%) 1966 (14.9%) 3835 (29.1%)  

Cause of death       <0.001

Alive or dead of other cause 266 598 160 869 (60.3%) 37 418 (14%) 68 311 (25.6%)  

Dead (attributable to this 
cancer)

31 836 15 240 (47.9%) 5844 (18.4%) 10 752 (33.8%)  

Abbreviations: AN/AI, American Indian/Alaska Native; API, Asian or Pacific Islander; BCS, breast‐conserving surgery; DSW, divorced/separated/widowed; ER, 
estrogen receptor; HRs, hormone receptor status; PR, progesterone receptor.
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sex, race, and HRs and performed multivariate analyses. 
Compared with the DSW and the single, the better OS of 
married patients was consistent among most subgroups, 
although this effect vanished in American Indian/Alaska 
Native (AN/AI) patients. Compared with the DSW, the sig-
nificant OS benefit of the single occurred only in patients 
aged 35 years or older (35‐70 years: AHR 0.8848, 95% CI: 

0.8542‐0.9164, P < 0.001; ≥70 years: AHR 0.8469, 95% 
CI: 0.8087‐0.8868, P < 0.001) according to age. And the 
better survival of single patients over the DSW was con-
sistent in the race of white and black, as well as the HRs 
of ER+/PR+, ER+/PR‐, or ER‐/PR+ (Table 4). As for 
BCSS, there was no significant difference observed in AN/
AI patients among three marital subgroups, while married 

T A B L E  2  Baseline demographic characteristics of patients stratified by marital status (%)

Characteristics

Female, N = 296 500 Male, N = 1934

Married Single DSW Married Single DSW

N = 174 763 N = 42 984 N = 78 753 N = 1346 N = 278 N = 310

Age (years)

<35 2.2 5.9 0.6 0.6 1.4 0.3

35‐70 80.9 80.6 53.3 62.6 75.9 46.8

≥70 16.9 13.4 46.1 36.8 22.7 52.9

Race

White 83.3 69.6 81.2 83 69.8 82.6

Black 6.8 22.4 12.7 10.3 26.6 15.2

AN/AI 0.5 0.7 0.6 0.4 0 0

API 9.5 7.2 5.6 6.4 3.6 2.3

Stage

Stage 0/I 48.5 39.3 46.1 33.6 21.9 21.6

Stage II 35.9 38.5 35.4 42.9 44.6 45.2

Stage III 12.3 16 13.4 17.5 20.5 23.2

Stage IV 3.2 6.2 5.1 6 12.9 10

Grade

Grade I 20.5 17.2 20.6 11.4 13.3 9.7

Grade II 42.8 41 44.3 51.6 51.4 50.3

Grade III 35.8 40.7 34.3 36.4 34.9 38.7

Grade IV 0.9 1.1 0.8 0.5 0.4 1.3

Surgery

BCS 56.5 51.3 54.5 9.8 11.9 8.7

Other 40.3 41.8 39.7 86.5 77.3 85.2

No surgery 3.2 6.9 5.8 3.7 10.8 6.1

HRs

ER+/PR+ 65.3 62.4 64 81.8 79.9 81.6

ER+/PR- 11.1 11.6 12.5 9.4 10.4 8.4

ER‐/PR+ 1.1 1.2 0.9 0.4 0.7 1

ER‐/PR‐ 18.3 20.3 17.7 2.2 3.6 1.9

Other 4.2 4.5 4.8 6.2 5.4 7.1

Cause of death

Alive or dead of other 
cause

91.4 86.5 86.4 86.3 77.7 80.3

Dead (attributable to this 
cancer)

8.6 13.5 13.6 13.7 22.3 19.7

Abbreviations: DSW, divorced/separated/widowed; AN/AI, American Indian/Alaska Native; API, Asian or Pacific Islander; BCS, breast‐conserving surgery; 
HRs, hormone receptor status; ER, estrogen receptor; PR, progesterone receptor.
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patients showed better BCSS than DSW patients in most 
subgroups except for the male. Compared with the DSW, 
better BCSS of the single was observed only in patients 
aged 35 years or older (35‐70 years: AHR 0.9313, 95% CI: 
0.8944‐0.9697, P = 0.001; ≥70 years: AHR 0.8752, 95% 

CI: 0.8148‐0.94, P < 0.001), in race of white (AHR 0.881, 
95% CI: 0.8457‐0.9177, P  <  0.001), or in HRs of ER+/
PR+ (AHR 0.8844, 95% CI: 0.8393‐0.932, P < 0.001) or 
ER‐/PR‐ (AHR 0.9202, 95% CI: 0.8693‐0.9741, P = 0.004) 
(Table 5).

T A B L E  3  Multivariate analyses of overall and cancer‐caused special survival of patients with breast cancer

Variable

Multivariate

 

Multivariate

OS HR 95% CI P‐Value BCSS HR 95% CI P‐Value

Age (years)       Age (years)      

35‐70 Baseline     35‐70 Baseline    

<35 0.9767 0.9213‐1.0354 0.4290 <35 0.9914 0.9326‐1.0538 0.7814

≥70 3.3121 3.2506‐3.3748 <0.001 ≥70 1.8478 1.8005‐1.8963 <0.001

Sex       Sex      

Female Baseline     Female Baseline    

Male 1.5298 1.4112‐1.6584 <0.001 Male 1.2934 1.1553‐1.448 <0.001

Race       Race      

White Baseline     White Baseline    

Black 1.2781 1.247‐1.3099 <0.001 Black 1.2984 1.2602‐1.3379 <0.001

AN/AI 1.2703 1.1369‐1.4193 <0.001 AN/AI 1.1988 1.0434‐1.3775 0.0105

API 0.7354 0.7073‐0.7647 <0.001 API 0.7619 0.7262‐0.7993 <0.001

Marital       Marital      

DSW Baseline     DSW Baseline    

Married 0.6444 0.6318‐0.6573 <0.001 Married 0.7483 0.729‐0.7682 <0.001

Single 0.8712 0.8484‐0.8947 <0.001 Single 0.9096 0.8796‐0.9406 <0.001

Stage       Stage      

Stage 0/I Baseline     Stage 0/I Baseline    

Stage II 1.6699 1.6305‐1.7103 <0.001 Stage II 2.9902 2.8713‐3.114 <0.001

Stage III 3.7727 3.673‐3.8751 <0.001 Stage III 9.0426 8.673‐9.428 <0.001

Stage IV 10.8121 10.4493‐11.1874 <0.001 Stage IV 30.9787 29.5487‐32.478 <0.001

Grade       Grade      

Grade I Baseline     Grade I Baseline    

Grade II 1.1837 1.1494‐1.2189 <0.001 Grade II 1.6902 1.6046‐1.7803 <0.001

Grade III 1.5688 1.5215‐1.6177 <0.001 Grade III 2.5914 2.4598‐2.7299 <0.001

Grade IV 1.5395 1.4257‐1.6624 <0.001 Grade IV 2.5379 2.3036‐2.7959 <0.001

Surgery       Surgery      

No surgery Baseline     No surgery Baseline    

BCS 0.3433 0.3321‐0.3548 <0.001 BCS 0.3349 0.322‐0.3483 <0.001

Other 0.425 0.4121‐0.4384 <0.001 Other 0.4234 0.4087‐0.4386 <0.001

HRs       HRs      

ER+/PR+ Baseline     ER+/PR+ Baseline    

ER+/PR‐ 1.3344 1.3003‐1.3693 <0.001 ER+/PR‐ 1.5644 1.5132‐1.6175 <0.001

ER‐/PR+ 1.5926 1.4786‐1.7155 <0.001 ER‐/PR+ 1.9623 1.8015‐2.1375 <0.001

ER‐/PR‐ 1.7221 1.6837‐1.7614 <0.001 ER‐/PR‐ 2.1679 2.1089‐2.2285 <0.001

Other 1.4388 1.3878‐1.4917 <0.001 Other 1.6497 1.5719‐1.7313 <0.001

Abbreviations: AN/AI, American Indian/Alaska Native; API, Asian or Pacific Islander; BCS, breast‐conserving surgery; BCSS, breast cancer‐caused special survival; 
CI, confidence interval; DSW, divorced/separated/widowed; ER, estrogen receptor; HR, hazard ratio; HRs, hormone receptor status; OS, overall survival; PR, proges-
terone receptor.
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Given that the benefit of being single over being DSW 
varied across some age, race, and HRs subgroups, we con-
ducted analysis to explore whether there were differences 
of the stage, grade or surgery condition of single patients 
among these subgroups. As shown in Table 6 and Figure 3, 
the proportion of stage 0/I, grade 1 and BCS were obviously 
lower in the <35  years subgroup, in which the protective 
effect of being single did not occur. What's more, the white 
race or patients at the ER+/PR + status showed better stage 
and grade situation, with more BCS accepted than their 
counterparts.

4 |  DISCUSSION

In this study, we confirmed what previous studies had shown 
that marital status impacted on OS of breast cancer patients 
and we further studied long term cancer‐specific survival 
of patients. Based on analysis of a large cohort including 
298 434 patients and enrolling an integrated range of factors 
into the multivariate Cox analysis, we found that the benefit 
of BCSS for being married or single compared with being 
DSW was consistent with OS, and the association between 
marital status and BCSS varied by age, race, and HRs. To our 

knowledge, this is the first study to determine that the effect 
of marital status on prognosis varies by these demographic 
and pathological factors, which might reveal the potential 
mechanism generating this relationship. In further explo-
ration, we found that the variation among these subgroups 
might be associated with the stage, the grade, and the surgery 
situation of patients.

A significant difference of OS among three marital sub-
groups could be observed from the results of 10‐year survival 
rate and Kaplan‐Meier curves, while the remarkable benefit 
of BCSS only occurred between the married and other two 
subgroups. After eliminating the possible interaction among 
variables with multivariate analysis, we found that single pa-
tients showed better BCSS than their DSW counterparts. This 
result was contrary to our expectation, since single patients 
were considered lacking for possible social and emotional 
support from marriage, as well as lower proportion of being 
at early stage or grade (Table 2). We then explored the ef-
fect of marital status on prognosis by different demographic 
and pathological subgroups, such as age, sex, race, and HRs. 
Difference of effect of marital status was observed among 
variable subgroups, and the survival benefit of being single 
occurred only in several subgroups. Meanwhile, the BCSS 
benefit of being married over being DSW vanished in AN/AI 

T A B L E  4  Adjusted hazard ratio for overall survival associated with marital status in different clinicopathological subgroups

OS Married vs DSW Single vs DSW Married vs Single

Variable AHR 95% CI P‐value AHR 95% CI P‐value AHR 95% CI P‐value

All 0.6444 0.6318‐0.6573 <0.001 0.8712 0.8484‐0.8947 <0.001 0.7396 0.7208‐0.759 <0.001

<35 0.683 0.5484‐0.8507 <0.001 0.8625 0.6911‐1.0765 0.191 0.7919 0.6994‐0.8966 <0.001

35‐70 0.6872 0.6677‐0.7074 <0.001 0.8848 0.8542‐0.9164 <0.001 0.7767 0.7526‐0.8016 <0.001

≥70 0.6076 0.5908‐0.6249 <0.001 0.8469 0.8087‐0.8868 <0.001 0.7175 0.6831‐0.7535 <0.001

Sex                  

Female 0.6451 0.6324‐0.6581 <0.001 0.8686 0.8456‐0.8921 <0.001 0.7427 0.7237‐0.7622 <0.001

Male 0.6308 0.51735‐0.7691 <0.001 1.1371 0.87716‐1.4742 0.332 0.5547 0.44385‐0.6933 <0.001

Race                  

White 0.6289 0.6154‐0.6428 <0.001 0.8533 0.8266‐0.8809 <0.001 0.737 0.7148‐0.76 <0.001

Black 0.7601 0.7189‐0.8036 <0.001 0.9129 0.8633‐0.9652 0.001 0.8326 0.7871‐0.8808 <0.001

AN/AI 0.872 0.6688‐1.1369 0.311 0.9635 0.693‐1.3395 0.825 0.905 0.6653‐1.231 0.525

API 0.6216 0.5676‐0.6808 <0.001 0.9107 0.8045‐1.0308 0.139 0.6826 0.6112‐0.7624 <0.001

HRs                  

ER+/
PR+

0.611 0.5943‐0.6281 <0.001 0.8618 0.8294‐0.8954 <0.001 0.709 0.6828‐0.7361 <0.001

ER+/PR‐ 0.6389 0.6063‐0.6734 <0.001 0.8673 0.8092‐0.9297 <0.001 0.7367 0.6879‐0.7889 <0.001

ER‐/PR+ 0.6483 0.5449‐0.7713 <0.001 0.8364 0.6663‐1.0499 0.123 0.7751 0.629‐0.9552 0.017

ER‐/PR‐ 0.7176 0.6908‐0.7455 <0.001 0.8954 0.8516‐0.9414 <0.001 0.8015 0.7648‐0.84 <0.001

Other 0.6301 0.5817‐0.6825 <0.001 0.924 0.836‐1.0213 0.122 0.6819 0.617‐0.7536 <0.001

Abbreviations: AHR: adjusted hazard ratio; AN/AI: American Indian/Alaska Native; API: Asian or Pacific Islander; CI: confidence interval; DSW: divorced/separated/
widowed; ER: estrogen receptor; HRs: hormone receptor status; OS: overall survival; PR: progesterone receptor.
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and male patients. These results hinted that the relationship 
between marital status and prognosis of patients with breast 
cancer might be associated with some demographic and 
pathological factors including age, sex, race, and HRs. Given 
that there were many more female participants than male, we 
paid our attention to other three factors. In further analysis of 
the proportion of stage, grade, and surgery situation in dif-
ferent demographic and pathological subgroups, we found 
that the BCSS benefit mostly occurred in subgroups showing 
more stage 0/I, lower grade, and better operation situation.

The first possible underlying reason why married patients 
with breast cancer had better prognosis is that married pa-
tients generally have greater financial resources, which might 
support them to undergo earlier physical examination, obtain 
better insurance coverage, and receive more adjuvant ther-
apy.23-25 Compared with unfavorable marital status and pos-
sible financial distress of DSW patients, single patients might 
also benefit from better economic conditions. Second, under-
treatment might also contribute to worse prognosis of the 
DSW. In this study, we observed that married patients with 
breast cancer received more surgeries than their counterparts, 
which indicated that worse prognosis in DSW patients can 
partly be attributed to undertreatment. Third, psychosocial 
support may contribute to a better prognosis among married 

patients with breast cancer. It has been well reported that 
decreased psychosocial support and greater psychological 
stress were associated with tumor progression and immune 
dysfunction. It has also been documented that married pa-
tients experienced less depression after diagnosis. This might 
partly be attributable to the fact that married patients can 
share the burden of negative emotions and receive psycho-
logical support from their spouses.26-33 In previous studies of 
breast cancer, it has been confirmed that social support acted 
as a predictor of natural killer cell activation.34 Moreover, sex 
hormone disorder induced by psychological factors is closely 
related to tumor occurrence and development,27 which might 
partly explain why single patients showed better survival than 
DSW patients, as well as why the BCSS benefit of the single 
varied across different HRs.

We have suspected that single patients with no expe-
rience of marriage and childbearing history might suffer 
worse survival outcome compared with DSW patients, as 
what was reported that single patients showed an increased 
risk of breast cancer.35 However, our results of detailed dif-
ference among subgroups of marital status indicated that the 
protective effect of marriage was time‐bound and might be 
strongly affected by psychological factors. Compared with 
other counterparts, the worse prognosis of DSW patients 

T A B L E  5  Adjusted HR for cancer‐caused special survival associated with marital status in different clinicopathological subgroups

BCSS Married vs DSW Single vs DSW Married vs Single

Variable AHR 95% CI P‐value AHR 95% CI P‐value AHR 95% CI P‐value

All 0.7483 0.729‐0.7682 <0.001 0.9096 0.8796‐0.9406 <0.001 0.8227 0.7976‐0.8487 <0.001

Age (years)

<35 0.6856 0.545‐0.8624 0.001 0.8676 0.6883‐1.0937 0.229 0.7902 0.69431‐0.8993 <0.001

35‐70 0.7774 0.752‐0.8037 <0.001 0.9313 0.8944‐0.9697 0.001 0.8348 0.8057‐0.8649 <0.001

≥70 0.711 0.68‐0.7434 <0.001 0.8752 0.8148‐0.94 <0.001 0.8124 0.753‐0.8764 <0.001

Sex

Female 0.7488 0.7294‐0.7688 <0.001 0.9071 0.8771‐0.9382 <0.001 0.8255 0.8001‐0.8517 <0.001

Male 7.53E‐01 0.56039‐1.0109 0.059 1.2325 0.8539‐1.779 0.264 0.6277 0.4639‐0.8494 0.001

Race

White 0.7321 0.7109‐0.7539 <0.001 0.881 0.8457‐0.9177 <0.001 0.831 0.8003‐0.8629 <0.001

Black 0.8455 0.7907‐0.9042 <0.001 0.9888 0.925‐1.057 0.741 0.8551 0.8019‐0.9119 <0.001

AN/AI 1.0282 0.72678‐1.4545 0.875 1.123 0.743‐1.6974 0.582 0.9196 0.6369‐1.3278 0.655

API 0.7073 0.6297‐0.7945 <0.001 0.9508 0.8156‐1.1084 0.519 0.7417 0.6509‐0.8451 <0.001

HRs

ER+/
PR+

0.7175 0.6892‐0.7469 <0.001 0.8844 0.8393‐0.932 <0.001 0.8113 0.7726‐0.8518 <0.001

ER+/PR‐ 0.7479 0.6992‐0.7999 <0.001 0.9489 0.8719‐1.0326 0.224 0.7882 0.7277‐0.8537 <0.001

ER‐/PR+ 0.6542 0.5355‐0.7991 <0.001 0.8251 0.6382‐1.0667 0.142 0.7928 0.6284‐1.0003 0.05

ER‐/PR‐ 0.7916 0.7574‐0.8273 <0.001 0.9202 0.8693‐0.9741 0.004 0.8602 0.8167‐0.906 <0.001

Other 0.731 0.6556‐0.8149 <0.001 0.9839 0.8648‐1.1193 0.805 0.7429 0.6572‐0.8399 <0.001

Abbreviations: AHR, adjusted hazard ratio; AN/AI, American Indian/Alaska Native; API, Asian or Pacific Islander; BCSS, breast cancer‐caused special survival; CI, 
confidence interval; DSW, divorced/separated/widowed; ER, estrogen receptor; HRs, hormone receptor status; PR, progesterone receptor.



4914 |   ZHAI et Al.

T
A

B
L

E
 6

 
St

ag
e,

 g
ra

de
, a

nd
 su

rg
er

y 
co

nd
iti

on
s o

f p
at

ie
nt

s s
in

gl
e 

at
 d

ia
gn

os
is

 in
 d

iff
er

en
t c

lin
ic

op
at

ho
lo

gi
ca

l s
ub

gr
ou

ps
 (%

)

V
ar

ia
bl

e

St
ag

e

 

G
ra

de
 

Su
rg

er
y

St
ag

e 
0/

I
St

ag
e 

II
St

ag
e 

II
I

St
ag

e 
IV

G
ra

de
 1

G
ra

de
 2

G
ra

de
 3

G
ra

de
 4

 
BC

S
O

th
er

N
o

A
ge

 (y
ea

rs
)

 
 

 
 

A
ge

 (y
ea

rs
)

 
 

 
 

A
ge

 (y
ea

rs
)

 
 

 

<
35

23
.2

5
47

.5
9

22
.0

7
7.

1
<

35
5.

53
31

.0
9

61
.9

8
1.

41
<

35
35

.4
4

57
.0

4
7.

53

35
‐7

0
38

.9
9

38
.5

9
16

.2
6

6.
16

35
‐7

0
17

.0
8

40
.7

7
41

.0
6

1.
09

35
‐7

0
51

.9
4

41
.4

6.
66

≥
70

47
.0

4
34

.1
7

12
.3

8
6.

42
≥

70
22

.7
47

.1
9

29
.2

0.
91

≥
70

52
.6

5
38

.8
7

8.
47

R
ac

e
 

 
 

 
R

ac
e

 
 

 
 

R
ac

e
 

 
 

W
hi

te
42

.0
8

37
.3

7
14

.8
8

5.
67

W
hi

te
19

.3
1

43
.3

8
36

.3
5

0.
96

W
hi

te
52

.7
3

41
.1

6
6.

11

B
la

ck
29

.9
2

41
.4

3
20

.2
9

8.
36

B
la

ck
10

.6
5

32
.9

7
54

.9
5

1.
43

B
la

ck
46

.7
4

43
.2

6
10

A
N

/A
I

32
.9

40
.3

9
20

.2
6.

51
A

N
/A

I
16

.9
4

40
.0

7
42

.3
5

0.
65

A
N

/A
I

50
.8

1
45

.6
3.

58

A
PI

40
.3

2
40

.3
8

14
.1

1
5.

18
A

PI
16

.7
44

.0
3

38
.0

2
1.

25
A

PI
48

.4
8

45
.6

5.
92

H
R

s
 

 
 

 
H

R
s

 
 

 
 

H
R

s
 

 
 

ER
+

/P
R

+
44

.2
7

37
.0

3
13

.5
6

5.
15

ER
+

/P
R

+
23

.0
5

49
.8

9
26

.4
8

0.
58

ER
+

/P
R

+
54

.7
9

39
.5

3
5.

68

ER
+

/P
R

‐
35

.3
4

37
.0

2
18

.8
7

8.
77

ER
+

/P
R

‐
13

.5
6

39
.4

2
46

.0
7

0.
96

ER
+

/P
R

‐
46

.8
5

44
.4

3
8.

73

ER
‐/P

R
+

26
.7

4
46

.1
4

20
.1

5
6.

97
ER

‐/P
R

+
3.

77
19

.9
6

73
.8

2
2.

45
ER

‐/P
R

+
47

.6
5

41
.6

2
10

.7
3

ER
‐/P

R
‐

26
.1

9
44

.2
9

22
.2

1
7.

31
ER

‐/P
R

‐
1.

62
16

.1
2

80
2.

26
ER

‐/P
R

‐
43

.8
5

47
.5

4
8.

61

O
th

er
39

.3
7

35
.2

5
15

.3
1

10
.0

7
O

th
er

17
.9

6
40

.4
4

38
.9

1
2.

7
O

th
er

43
.4

9
44

.8
1

11
.7

A
bb

re
vi

at
io

ns
: A

N
/A

I, 
A

m
er

ic
an

 In
di

an
/A

la
sk

a 
N

at
iv

e;
 A

PI
, A

si
an

 o
r P

ac
ifi

c 
Is

la
nd

er
; B

C
S,

 b
re

as
t‐c

on
se

rv
in

g 
su

rg
er

y;
 E

R
, e

st
ro

ge
n 

re
ce

pt
or

; H
R

s, 
ho

rm
on

e 
re

ce
pt

or
 st

at
us

; P
R

, p
ro

ge
st

er
on

e 
re

ce
pt

or
.



   | 4915ZHAI et Al.

might be resulted from negative emotions and worse eco-
nomic situation due to their unfavorable marital status. In 
addition, the variation of relationship between marital sta-
tus and prognosis of patients with breast cancer across race, 
grade, and HRs indicated that there might be a complicated 
and comprehensive mechanism underlying, such as genetic 
factors, hormone levels, function of immune system, psy-
chological factors, social support, and treatment situation. 
The specific mechanism and its potential clinical practice 
remain to further research.

Subject to restrictions on our own knowledge and re-
search methods, this study has several limitations. The first 
is the inherent biases present in any retrospective study. 
Second, some information relating to both marital status 
and prognosis of patients with breast cancer was unavail-
able in the SEER database, such as reproductive history, 
levels of hormone, and subsequent therapy. Therefore, we 
were unable to clarify the detailed mechanism of the rela-
tionship between marital status and prognosis of patients. 

Third, marital status was only recorded at diagnosis; de-
tails about the duration or quality of the marriage, or any 
changes in marital status, were not tracked, which might af-
fect the BCSS of patients. Fourth, data of ER and PR status 
in the SEER database were collected from different local 
pathology laboratories, which might increase the possibil-
ity of bias. Finally, the results of our study are restricted to 
the United States, as some baseline characteristics such as 
race, marital status, and surgery history might be different 
in other countries.

5 |  CONCLUSIONS

Our study demonstrated that married and single patients with 
breast cancer had better prognosis than their DSW counter-
parts, which affected by the age, race and HRs. Meanwhile, 
married patients obtained better survival outcome than single 
patients. There might be a complicated and comprehensive 

F I G U R E  3  Number of Single patients 
in different clinicopathological subgroups 
stratified by stage (A), grade (B), and 
surgery (C) conditions
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mechanism underlying the relationship between marital 
status and prognosis of patients with breast cancer. Further 
studies should be conducted to clarify the specific influence 
and mechanism of these factors. According to our research, 
greater social and psychological support should be provided 
to DSW patients.
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