Received: 22 December 2021

Revised: 13 June 2022

Accepted: 13 June 2022

DOI: 10.1002/cam4.5003

REVIEW

Cancer Medicine WILEY

Marital status and survival in cancer patients: A systematic
review and meta-analysis

Kaja Krajc' | Spela Mirosevi¢®

David Spiegel®

1Faculty of Mathematics, Natural
Sciences and Information Technologies,
University of Primorska, Koper,
Slovenia

“Department of Family Medicine,
Faculty of Medicine, University of
Ljubljana, Ljubljana, Slovenia

*Department of Stomatology, University
Medical Centre Ljubljana, Ljubljana,
Slovenia

“Department of Family Medicine,
Faculty of Medicine, University of
Maribor, Maribor, Slovenia

*Community Health Centre Ljubljana,
Ljubljana, Slovenia

®Department of Psychiatry and
Behavioural Sciences, Stanford
University School of Medicine,
Stanford, California, USA

“Institute of Pharmacology and
Experimental Toxicology, Faculty of
Medicine Ljubljana, University of
Ljubljana, Ljubljana, Slovenia

Correspondence

Spela MiroSevi¢, Department of
Family Medicine, Faculty of Medicine,
University of Ljubljana, Slovenia.
Email: spela.mirosevic@mf.uni-lj.si

Funding information
Slovenian Research Agency

| Gorazd Drevensek’

| Zalika Klemenc Ketis*>*>

| Martina Drevensek®

| Jakob Sajovic®

Abstract

Background: In recent years, authors have repeatedly reported on the signifi-
cance of social support in cancer survival. Although overall the studies appear to
be convincing, little is known about which types of social support promote better
survival rates, and which subgroups of cancer patients are more susceptible to the
benefits of it. The aim of this study was to identify, organize, and examine studies
reporting on the significance of social support in cancer survival.

Methods: The PubMed, CINAHL and EBSCO databases were searched using the
keywords social support/marital status, cancer, and survival/mortality. Where
possible we used a meta-analytical approach, specifically a random effect model,
in order to combine the results of the hazard ratios in studies from which this
information could be obtained. When interpreting clinical relevance, we used the
number needed to treat (NNT).

Results: Better survival was observed in married patients when compared to un-
married (single, never-married, divorced/separated, and widowed) in overall and
cancer-specific survival. Gender group differences showed that the association
was statistically significant only in cancer-specific survival when comparing di-
vorced/separated male and female cancer patients (p <0.001), thus confirming
results from the previous meta-analysis.

Conclusions: Being unmarried is associated with significantly worse overall
and cancer-specific survival. The most vulnerable group found in our study were
divorced/separated men. The results of this review can motivate physicians,
oncologists, and other healthcare professionals to be aware of the importance of
patients’ social support, especially in the identified sub-group.
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1 | INTRODUCTION

Cancer is a disease with a global health burden; it is a lead-
ing cause of deaths worldwide.! While several important
risk factors have been identified (e.g. tobacco use, cancer-
causing infections, high body mass index, etc.), data on
how psychosocial factors impact on cancer survival is
less evident. Researchers have been exploring the asso-
ciation between social support and cancer survival since
1980 in many naturalistic (non-interventional) and inter-
ventional studies. A recent meta-analysis exploring the
effect of randomized-controlled trials on cancer survival
concluded that the overall effect favors groups that re-
ceive psychosocial treatment. Interestingly, the effect was
higher in studies that included more unmarried patients.”

Unmarried cancer patients are more likely to be diag-
nosed with an advanced stage of the disease than married
patients,”> who often have a higher socioeconomic status
than unmarried ones, enabling them to have better access
to healthcare.® They can also receive instrumental support
from their spouse (e.g. assistance with transportation, pa-
perwork, household chores) so they can fully focus on their
treatment. Importantly, a partner can provide emotional
support, which can mitigate the stress of cancer treatment.’

Marital status has been found to be an independent
predictive factor associated with better odds of survival
in various cancer types.*® The effect of the social support
provided by a partner may be physiologically mediated
through neuroendocrine, nervous, and immune interac-
tions which are directly related to cancer.'® For example,
cancer patients who have a higher quality of social support
have greater activity in natural killer (NK) cells, which are
important cytotoxic cells of the immune system and can
recognize and destroy cancer cells.'’ The hormone oxyto-
cin, which is released during social interactions, may also
indirectly inhibit the growth of cancer cells by inhibiting
the stress response.'!

To date, two systematic reviews and meta-analyses
exist on the topic of social support and cancer survival.'>"?
They report a 12% decrease mortality risk in married pa-
tients and that never-married patients had a worse sur-
vival rate than widowed or divorced/separated patients.'*
Furthermore, divorced/separated men had a 12% higher
risk of cancer mortality compared to the 9% mortality rate
in women, thus drawing attention to the importance of
the role of gender."* However, the study only evaluated the
association between marital status and survival by gender,
excluding a general marital status—cancer survival anal-
ysis. Importantly, their literature search was carried out
in 2018, and this area of research experienced significant
growth after their publications.

The aim of this paper is to examine the association be-
tween marital status and different groups of unmarried

cancer patients (e.g. divorced/separated, single, widowed)
on overall and cancer-specific survival. As the different
groups of unmarried patients likely experience different
levels of stress, the examination of survival by group can
unveil new data on the link between marital status and
cancer survival. We set the following objectives for the re-
view and meta-analysis:

a. To analyze the difference between overall and cancer-
specific survival according to marital status (i.e.,
married, unmarried, never-married single, divorced/
separated and widowed)

b. To examine which subgroup of cancer patients (e.g.
gender, cancer stage) are associated with better overall
and cancer-specific survival.

2 | METHODS

2.1 | Literature search strategy

The study followed the PRISMA statement (Preferred
Reporting Items for Systematic Review and Meta-
Analysis). Relevant articles were identified through
the PubMed, CINAHL, and EBSCO databases between
January and June 2018, and regularly updated up to April
2022 (see Table S1 for the specified search strategy for
EBSCO and PubMed). Additional articles were obtained
by searching through the reference lists of the included
studies.

2.2 | Inclusion and exclusion criteria

The review included eligible studies that: (1) were pub-
lished as original articles; (2) analyzed adult cancer pa-
tients (>18years); (3) reported a correlation between
marital status and survival, such as overall survival (OS)
or cancer-specific survival (CSS); (4) provided clear data
from which to directly extract hazard ratios (HR) and
95% confidence intervals (CI). Articles were excluded if:
(1) they analyzed patients with childhood cancer; (2) the
paper was a republished report; (3) the effect of marital
status on cancer survival was not a primary outcome; (4)
and they were not published in English.

2.3 | Data collection and
quality assessment

Three authors independently examined all the selected
publications and extracted data in accordance with the
following protocol. From each of the selected articles, we
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obtained the following data: first author; year of publica-
tion; country; type of longitudinal study (prospective/ret-
rospective); sample size (n); recruitment; follow-up time
expressed in years; sex (the percentage of male and female
subjects); age of participants (M, SD); diagnosis (type and
stage of cancer); dependent variable (marital status); fac-
tors that were included in the adjusted analysis; and the
conclusion concerning the association between marital
status and survival (reported with hazard ratio (HR) and
95% cluster interval (CI)). Data were collated in a spread-
sheet with columns denoting extracted data categories
and rows denoting studies (see Table 1).

Some authors reported only overall survival or cancer
specific survival, while some authors reported both. To
overcome the issue of unexchangeable results, we per-
formed separate analyses for such reported outcomes.
Additionally, the authors of the included studies choose
different modes of comparison of marital status. In order
to systematically review the published studies, we first
needed to categorize the marital status groups. In this re-
view the following marital status groups were therefore
described and compared: unmarried versus married, never
married versus married, single versus married, divorced/
separated versus married, and widowed versus married.

A quality assessment was carried out (performed by
KK and JS) following the eight-item Newcastle-Ottawa
scale for quality assessment of observational studies,
which had been adapted for the needs of this review. Two
rating categories of the scale, the items “Selection of the
non-exposed cohort” and “Demonstration that outcome
of interest was not present at start of study” were not rel-
evant for this review and were therefore excluded. The
highest possible score, denoting high study quality, was
seven. Studies scoring six and seven were considered of
high quality; studies scoring five and four were rated as
of moderate quality; and studies scoring lower than four
were considered of low quality.

2.4 | Statistical analyses

Although most of the results are presented descriptively,
where possible we used a meta-analytical approach in
order to combine the results of the hazard ratios (HR) in
those studies from which this information could be ob-
tained.'* The analyses were performed in the software
program Review Manager 5.4 (The Nordic Cochrane
Centre). We used a random effect model, the DerSimonian
and Laird method,"® as we expected a certain pattern of
variability in the included studies due to different types of
cancer, cancer stage, age of the participants, gender, and
other factors. In each meta-analysis, we carried out a het-
erogeneity analysis.
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For interpreting the results of heterogeneity we fol-
lowed the Cochrane Handbook for Systematic Reviews of
Interventions (Version 6.0): (a) 30%-60% may represent
moderate heterogeneity; (b) 50%-90%: may represent sub-
stantial heterogeneity; (¢) 75%-100%: considerable hetero-
geneity.'® In our study, if I >75% and p <0.05, and if we
had enough studies (n >3), we analyzed the specific sub-
group, for example by gender, in order to try to explain the
reasons for the heterogeneity.'” A p-value of 0.05 or lower
was considered statistically significant.

When interpreting clinical relevance, we used the
number needed to treat (NNT), which is an indicator of
the clinically significant threshold. It applies to the num-
ber of patients a clinician would need to treat in order
to achieve, on average, one patient with a longer sur-
vival." The NNT was calculated according to the formula:
NNT = (1 + HR)/(1—HR). The NNT can be compared with
the often-applied appropriate effect size measure (Cohen's
d). Usually single-digit values for NNT denote a worth-
while difference.’® According to Cohen's guidelines,” a
NNT of 9 is interpreted as a small effect size, a NNT of 4 as
a moderate effect size and a NNT of 3 as a large effect size.

3 | RESULTS

3.1 | Study selection

The search strategy resulted in 2423 articles, plus 394 ad-
ditional articles included through the screening of the
references of the systematic reviews and original articles.
After the removal of duplicates and articles that were re-
moved for specific reasons (see Figure 1), 67 articles were
left and therefore evaluated in this systematic review.

3.2 | Characteristics of the included
studies (Table 1)

The studies were published between 1987 and 2022. The
median follow-up time ranged from 1 to 19years. Most of
the included studies reported the inclusion of both sexes,
but in nine studies there were only female patients and
in four studies only male patients. The mean age of the
participants in the eligible studies was most often 60 years,
although some of the studies reported involving younger
cancer patients (M < 50years).

Of the 67 studies, four studies included patients with
various cancer sites and did not report results for individ-
ual sites; five studies reported results for breast cancer;
four studies separately reported results for bladder cancer,
gastric cancer, and lung cancer; three studies separately
included patients with head and neck cancer and prostate
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Records identified through
PubMed, CINAHL and EBSCO
(n=2423)

<«

Articles found through screening
the literature of included studies
(e.g. systematic reviews, original
articles on the topic)
(n=394)

FIGURE 1
selection

The flowchart of study

Number of

> duplicates removed

(n=641)

Recrods included after the
removal of duplicates
(n=2176)

—>>

Records excluded
based on the abstract
(n=2089)

Full-text articles assessed
for eligibility
(n=87)

reasons (n=20)

main focus

Full text articles excluded for the following

1.) Paediatric cancer patients

2.) Cancer caregivers being the main
studied group

3.) Marital status or social support not a

4.) Survival outcome not analysed

Records included in the
systematic review
(n=67)

cancer; two separately reported results for cervical can-
cer, colon cancer, ovarian cancer, pancreatic cancer, gas-
trointestinal stromal tumor and sarcoma; and 49 studies
for other cancer sites (e.g. colorectal cancer, melanoma).
Fifty-five studies included participants with cancer in
stages I-IV; five separated cancer patients into “localized,
regional and distant stages”; two separated cancer patients
into stages 0-1V, into stages I-II and into “early and late”
stages. One study separately included participants with
cancer into stages II-1V, into stages “T4, N1 or M1”, into
stages IB2-IVA and into stages T1-T4. In the four remain-
ing studies, no data on the stage of cancer were provided
(see Table 1).

On assessing study quality using the Newecastle-
Ottawa scale, we found that 56 studies were deemed to
be of high quality and 11 were deemed to be of moderate
quality.

3.3 | Adjusted analysis

All the articles except one® reported an adjusted analysis
as their main outcome. Most commonly they adjusted the
analysis for demographic characteristics such as age, gen-
der, and race. Most articles also adjusted the analysis for
tumor stage, type of therapy, tumor grade, type of surgery

and other less common variables (e.g. tobacco use, house-
hold income, geographic area; see Table 1).

3.4 | Analysis of the comparison between
unmarried and married patients

3.4.1 | Overall survival

Sixteen articles reported a sub-category which compared
the overall survival of unmarried patients to married ones,
of which all but one®* reported significant difference be-
tween them. The association was found in three studies
on patients with mixed types of cancer, > two studies
on patients with prostate cancer’®?’; and one study each
in patients with bladder,?® head and neck,? testicular,
pancreatic,31 breast, >33 kidney,34 esophageal,35 gastric36
and medullary thyroid cancer.?’

The meta-analysis showed that the total hazard ratio
for unmarried versus married patients was 1.32 with a
confidence interval of 1.24-1.40 (p <0.001) and an NNT
value of 7 (see Figure 2A). Due to the high heterogeneity
in the results (I* =98%), the studies were categorized ac-
cording to gender (see Figure 2B). Following this, the total
hazard ratio of unmarried versus married men amounted
to 1.41 with a confidence interval of 1.26-1.58 (p <0.001)
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and an NNT value of 6. However, the heterogeneity was
still not decreased, meaning that there are other variables
contributing to this result (I* =96%). It was not possible
to calculate a total hazard ratio of unmarried versus mar-
ried women, due to the small number of studies that per-
formed gender analysis (n = 2).

3.42 | Cancer-specific survival

Twenty-two studies compared cancer specific survival
in unmarried and married cancer patients, of which all
but two®>® reported that married patients had a higher
cancer-specific survival rate than unmarried patients.
The association was found in five studies on patients
with breast cancer,?%333%40 two studies on patients with
prostate cancer’®?’; and one study each in patients with
testicular,>® head and neck,*! gastric,42 kidney,34 colon,®
oral cavity,44 non-metastatic urothelial bladder cancer,*
non-small cell lung cancer,*® melanoma,*’ medullary thy-
roid,’ colorectal®® and liver cancer,49 and in one study
with various cancer types.*

The meta-analysis showed that the total hazard ratio
for unmarried versus married patients was 1.30, with a
confidence interval of 1.22-1.40 (p <0.001) and an NNT
value of 8 (see Figure 2C). Due to the high heteroge-
neity in the results (I* =95%), the studies were catego-
rized according to gender (see Figure 2D,E). Following
this, the total hazard ratio of unmarried versus married
women rose to 1.30 with a confidence interval of 1.16-
1.45 (p <0.0001) and an NNT value of 8. The total haz-
ard ratio of unmarried versus married men amounted to
1.48 with a confidence interval of 1.28-1.72 (p <0.001)
and an NNT value of 5. A statistical comparison between
women and men showed no significant difference be-
tween the groups on cancer survival (z = 1.48; p = 0.20).
The heterogeneity in both sub-group analyses was still
high (I =93%, I> = 71%); however, due to an insufficient
number of studies (n = 3-4 in each group), heterogene-
ity could not be further analyzed.

3.5 | Analysis of the comparison between
single and married cancer patients

3.5.1 | Overall survival

The sub-category single versus married patients was com-
pared in eight studies. All but two®>! reported that mar-
ried patients had higher overall survival rates than single
patients. The association was found in studies on patients

with cervical,>? esophageal,53 uveal melanoma,>* laryn-
geal cancer,” soft tissue sarcoma®® and in one study with
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various cancer types.”> The meta-analysis showed that the
hazard ratio was 1.19 with a confidence interval of 1.12-
1.27 (p <0.005) and an NNT value of 14 (Figure 3A). The
heterogeneity was found to be substantial (I* =67%); how-
ever, it was not possible to carry out further analysis.

3.5.2 | Cancer-specific survival
The sub-category single versus married patients was com-
pared in twenty-six studies. Nine studies®~%>*>""%* did
not find the association between the groups, while the rest
reported that married patients had higher cancer-specific
survival rates than single patients. The association was
found in studies on patients with non-small cell lung can-
cer,® lung adenocarcinoma,® pancreatic cancer,® epithe-
lial ovarian cancer,®® colorectal cancer,®’ gastric cancer,®
liver cancer,® esophageal cancer,” prostate cancer,”’
renal cancer,”* bladder urothelial cancer,”* astrocytoma,”?
ovarian cancer,”” renal cell carcinoma,76 cutaneous mela-
noma,”’ laryngeal cancer,’ and soft tissue sarcoma.®
The meta-analysis showed that the hazard ratio was
1.17 with a confidence interval of 1.13-1.21 (p <0.001)
and an NNT value of 13 (Figure 3B). Due to the high het-
erogeneity in the results (I =89%), the studies were cat-
egorized according to gender (see Figure 3C,D). The total
hazard ratio of single versus married women was 1.10,
with a confidence interval of 1.06-1.13 (p <0.001) and an
NNT value of 21; the total risk of single versus married
men amounted to 1.19, with a confidence interval of 1.02-
1.38 (p <0.005) and a NNT value of 12. Sex differences
between single versus unmarried patients did not show
any statistically significant differences between women
and men (z = 0.97; p >0.05). The heterogeneity analy-
sis was substantial in men (I* >74%), but not in women
(I? >26%); however, due to the small number of studies
(n = 3) and the lack of variables, it was not possible to
carry out further sub-analysis.

3.6 | Analysis of the comparison between
never-married and married patients

3.6.1 | Overall survival

The sub-category never-married versus married patients
was compared in four studies. All the studies reported
that married patients had higher overall survival rates
than never-married patients. The association was found
in two studies of patients with prostate cancer,*?” and in
studies with lung”® and non-small cell lung cancer.”® The

meta-analysis showed that the hazard ratio was 1.22 with
a confidence interval of 1.13-1.31 (p <0.001) and an NNT
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TABLE 1 Main characteristics of selected studies (n = 67)

Patients’ demographic

Study's characteristics characteristics
Type of Sample Follow-up
First author Year Country study size Recruitment (years) Sex (%)
Goodwin® 1987 New Retrospective 27,706 Tumor Registry 5 ND
Mexico
Osborne® 2005 USA Retrospective 32,268 SEER 3 Women
Reyes Ortiz®’ 2007 USA Retrospective 14,630 SEER 5 W (39.9), M (60.1),
Saito-Nakaya®® 2008 Japan Prospective 1230 Thoracic Oncology 5 W (29.7),
Division, National M (70.3),
Cancer Center
Hospital East
Datta®® 2009 USA Retrospective 19,982 SEER 5 W (25.8),
M (74.2)
Patel* 2010 USA Retrospective 7997 SEER 5 Women
Abdollah? 2011 USA Retrospective 163,697 SEER ND Men
Baine™! 2011 USA Retrospective 34,555 SEER ND W (48.6),
M (51.4)
Wang® 2011 USA Retrospective 127,753 SEER 5 W (52.5), M (47.5)
Abern® 2012 USA Retrospective 20,245 SEER 10 Men
Tannenbaum’® 2013 USA Retrospective 161,228 The Florida Cancer 5 W (44.3),
Data System and M (55.7)
Florida's Agency
for Health Care
Administration
Aizer® 2013 USA Retrospective 734,899 SEER 3.1 W (48.1),
M (51.9)
Mahdi®® 2011 USA Retrospective 49,777 SEER 2.2 Women
Brusselaers® 2015 Sweden Prospective 606 Swedish Hospitals 5 M (80.4), W (19.6)
Inverso*! 2014 USA Retrospective 51,272 SEER 1.6 W (25.1), M (74.9),
Li% 2015 USA Retrospective 112,776 SEER 5 W (48.6), M (51.4)
Wang® 2016 USA Retrospective 13,370 SEER 1.1 W (49.43). M (50.57)
Zhou*® 2016 USA Retrospective 18,815 SEER 5 W (37.6), M (62.4)
Eskander®* 2016 USA Retrospective 11,849 Tumor registry 1 W (63.8), M (36.2)
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Patients’ clinical characteristics
Stage of Dependent

Age (M, SD) Type of cancer cancer variable Adjusted analysis

ND Various I-1v Marital status Stage at diagnosis and definitive treatment.

ND Breast cancer I-IV Marital status Age, ethnicity, SEER area, tumor size, stage, grade,
estrogen receptor status, comorbidity index
score, treatment variables, chemotherapy, census
tract education level and census tract household
income in quartiles.

75.2(6.9) Melanoma I-1v Marital status Age, gender, race/ethnicity, socioeconomic
status, histology, site, stage at diagnosis and
comorbidity.

ND Non-small cell lung I-1Iv Marital status age, BMI, education, PS, histology type, smoke stage,

cancer definitive treatment, and HADS-depression
adjusted.

60-80+ (ND) Bladder cancer 1I-1v Marital status Age, race, number of comorbidities, receipt of
treatment, socioeconomic status, and teaching
hospital designation, stage at diagnosis.

ND Cervical cancer I-1v Marital status

63 Prostate cancer I-1v Marital status Age, race, socioeconomic status, tumor grade, tumor
stage, lymph node stage, year of surgery

69 Pancreatic cancer I-1Iv Marital status Gender, race, age at diagnosis, year of diagnosis,
cancer-directed surgery, radiation therapy and
stage.

ND Colon cancer I-1v Marital status Age, cancer stage, race and surgery receipt.

35.4 Testis cancer I-1I Marital status Age, stage at diagnosis, Race, Histologic type, Year
of diagnosis, Region

69.8 (11.2) Lung cancer I-IvV Marital status Race/Ethnicity/SES, demographics + clinical +
individual comorbidities.

64.5 (13) Various I-IV Marital status Age, gender, race, income, education, residence
type, stage, primary site and type of treatment.

ND Epithelial ovarian -1V Marital status Age, race, histology, stage, grade, lymphadenectomy

cancer and extent of surgery.

23.9% <60, Esophageal cancer I-1v Marital status Sex, age, tumor stage, histology, major

76.1%> 60 complications, comorbidity and surgeon volume.

61(12.9) Head and neck cancer I-IV Marital status Age at diagnosis, gender, race, income, level
of education, residence type and definitive
treatment.

ND Colorectal cancer I-IV Marital status Age, race, grade, histotype and TNM stage.

32.8% <60, 67.2% Pancreatic cancer I-1v Marital status Primary site location, age, race, year of diagnosis,

>60 tumor size (cm), SEER stage

ND Gastric cancers I-1Iv Marital status Age, race, pathological differentiation, histological
type, TNM stage, surgery and radiotherapy.

ND Various I-1v Marital status Gender, age, insurance status, race; lung: surgery

models, type of therapy and stage.

(Continues)



1692 .
—I—Wl LEY_Cancer Medicine _

TABLE 1 Continued

First author
Shi*®

Jin
Heb

Adekolujo*

Du53

Zhang (a)%

Miao>*
Li60

Rubin®

Wang71

Hinyard?'
Zhang (b)*

wu”?

Alvi®’

Chen®

Liao*

Niu’?
Wu61

Xie—a’®

Year

2016

2016

2017

2016

2017

2017

2017

2017

2017

2017

2017
2017

2017

2018

2018

2018

2018

2018

2018

Country

USA

USA

USA

USA

USA

USA

USA

USA

USA

USA

USA
USA

USA

USA

USA

China

USA

USA

USA

KRAJC ET AL.

Patients’ demographic

Study's characteristics characteristics
Type of Sample Follow-up
study size Recruitment (years) Sex (%)
Retrospective 61,077 SEER 19 W (78.1), M (21.9)
Retrospective 18,196 SEER M=2 W (36.7), M (63.3)
(1-100)
Retrospective 40,809 SEER ND W (25.4),
M (74.6)
Retrospective 3761 SEER 5 Men
Retrospective 69,139 SEER M=13 W (24.0), M (76.0)
Retrospective 16,910 SEER 5 W (44.0), M (56.0)
Retrospective 112,860 SEER 5 W (36.6),
M (63.4),
Retrospective 6627 SEER 5 W (70.4),
M (29.6)
Retrospective 65 Boston University 3 W (18.5),
Medical Center M (81.5)
Retrospective 62,405 SEER 5 W (38.1),
M (61.9)
Retrospective 166,701 SEER ND Women
Retrospective 15,598 SEER ND W (19.3),
M (80.7)
Retrospective 70,006 SEER M=13 W (47.0),
M (53.0)
Retrospective 1188 SEER 10 W (57.5)
M (42.5)
Retrospective 6582 SEER 5 W (49.0)
M (51.0)
Retrospective 457 Cancer registry dataset 5 W (7.7),
of the Kaohsiung M (92.3)
veteran's general
hospital
Retrospective 133,846 SEER 5 W (24.2),
M (75.8)
Retrospective 4001 SEER 8 Women
Retrospective 43,324 SEER ND, ~10 W (42.6)

M (57.4)
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Stage of Dependent
Age (M, SD) Type of cancer cancer variable
47.7 (14.8) Thyroid cancer I-1v Marital status
ND Gastric cancer I-1v Marital status
47.1% <60, 52.9% Liver cancer I-IV Marital status
>60
Married 64.8, Breast cancer -1V Marital status
Unmarried 65
67 (11.7) Esophageal cancer -1V Marital status
26.0% <57, 74.0% Gastric cancer I-1Iv Marital status
>57
38.7% <60, 61.3% Kidney cancer I-1IvV Marital status
>60
24.9% <60, 75.1% Gallbladder cancer I-1v Marital status
>60
61.58 (8.94) Human papilloma I-IvV Marital status
virus-positive
oropharyngeal
cancer
46.5% <60, 53.5% Renal cancer I-1Iv Marital status
>60
64.5(24.1) Breast cancer I-1Iv Marital status
20.2% <55, 79.8% Esophageal cancer I-IV Marital status
>56
23.3% <60, 76.7% Non-small cell lung ND Marital status
>60 cancer
20+ (ND) Spinal cord tumors ND Marital status
18-70+ (ND Gastrointestinal Localized, Marital status
stromal tumor regional,
distant
stage
ND Oral cavity cancer I-1v Marital status
78.5% >60+ 21.5% Bladder urothelial I-1v Marital status
<60 carcinoma
Median 66 Vulvar cancer I-1v Marital status
ND Astrocytoma I-1v Marital status
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Adjusted analysis

Gender, age, race, follicular vs. papillary, T3/4
vs. T1/2, N stage, distant metastasis, surgery
procedure, lobectomy and adjuvant therapy.

Age, gender, race, tumor location, histological type,
differentiated grade, stage, and year of diagnosis.

Gender, age, race, grade, hystotype, SEER stage, type
of therapy

Age, race, median household income, stage, grade,
combined ER/PR status, histological type, and
surgical treatment

Age, gender, race/ethnicity, household income,
histology, tumor site, SEER stages, therapy, and
insurance status

Site, sex, race, age, grade, histotype, TNM stage,
surgery

type and selection of radiotherapy

Sex, age, race, grade, TNM, SEER stage, type of
therapy

Age, race, grade, histologic type, AJJC stage, SEER

age, sex, race,
insurance type, smoking status, treatment, and
AJCC combined pathologic stage

Sex, age, race, tumor size, laterality, SEER stage,
grade

Unadjusted analysis

Sex, race, age, histology, grade, location, TNM stage,
therapy

Sex, age, race, diagnosis year, median household
income, grade, TNM stage, histology, surgery,
radiotherapy, radiotherapy

Age, gender, SES, insurance status

Sex, race, age histology, stage, surgery, radiotherapy

T-category, N Category, differentiation, neck
dissection, adjuvant therapy

Sex, age, race, primary site, pathological grading,
TNM stage, surgery

Age, race, grade, tumor stage, nodal stage, M stage,
surgery, radiotherapy, chemotherapy

Age, sex, race, WHO grade, diagnosis year, median
household income, surgery

(Continues)
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TABLE 1 Continued

First author

Xie—b"™*

Zhang™

Li3®
Wa.ng81

Liu
Chen*

Osazuwa-Peters®

Qiu®

Simpson®?

Yan®

Zhai*?

Rosiello®

Zhang’®

Khan?’

Yang43

Maas®

Year

2018

2018

2018

2018

2019
2019

2019

2019

2019

2019

2019

2019

2019

2019

2019

2019

2019

2019

2020

Country
USA

USA

USA

USA

USA
USA

USA

USA

USA

USA

USA

USA

USA

USA

USA

USA

USA

USA

USA

KRAJC ET AL.

Patients’ demographic

Study’'s characteristics characteristics
Type of Sample Follow-up
study size Recruitment (years) Sex (%)
Retrospective 30,767 SEER ND, ~10 W (42.0)
M (58.0)
Retrospective 18,013 SEER 5 W (49.7)
M (50.3)
Retrospective 5196 SEER 5 W (30.7)
M (69.3)
Retrospective 27,498 SEER 5 W (40.4)
M (59.6)
Retrospective 824,554 SEER 5 ND
Retrospective 72, 984 SEER 10 W (54.2)
M (45.8)
Retrospective 39,387 SEER 5 Women
Retrospective 1342 SEER 5 Women
Retrospective 19,276 SEER Women
Retrospective 460 Hospital Tumor 15 W (26.7)
Registry M (73.3)
Retrospective 2725 SEER 4 W (43.5)
M (56.5)
Retrospective 71,799 SEER ND W (23.8)
M (76.2)
Retrospective 1581 SEER 5 W (26.7)
M (73.3)
Retrospective 298,434 SEER 10 W (99.3)
M (0.7)
Retrospective 11,167 SEER 5 W (31.1)
M (68.7)
Retrospective 31,895 SEER 5 W (34.9)
M (65.1)
Retrospective 3579 Institutional cancer 10.2 Men
registry
Retrospective 925 Chi-Mei medical 5 W (42.5)
center Cancer M (57.5)
registry
Retrospective 36,578 Florida Cancer Data 6-14years W (41.3)
System M (58.7)



KRAJC ET AL.
Patients’ clinical characteristics
Stage of Dependent
Age (M, SD) Type of cancer cancer variable
ND Glioblastoma I-1v Marital status
multiforme
55.6% <60, 44.4% Soft tissue sarcoma I-IV Marital status
>60
65+ Rectal cancer I-1v Marital status
40.8% <60, Rectal cancer -1V Marital status
59.2% >60
68.6 (9.05) Prostate cancer ND Marital status
18-75+ (ND) Non-small cell lung I-1v Marital status
cancer
Age range 18-80+,  Endometrial cancer I-1v Marital status
most 50-69 (ND)
51.6% =56+; 48.4% Breast cancer I-1vV Marital status
<56
62.98 (13.75) Ovarian cancer I-1v Marital status
59.19 (11.33) Head and neck cancer Early and late Marital status
70.8% <50; 29.2 >50  Osteosarcoma I-1Iv Marital status
62.3(12.1) Head and neck cancer I-IV Marital status
47.7% <60; 52.3% Hepatocellular I-1v Marital status
>60 carcinoma
ND Breast cancer 0-IV Marital status
67.9 (ND) Non-metastatic 0-IV Marital status
urothelial bladder
cancer
55 median (18-64 Renal cell carcinoma  I-IV Marital status
IQR)
60.4 (7.2) Prostate cancer I-11 Marital status
65(12) Colon cancer I-1v Marital status
62.5(16.2) Melanoma Early and late  Marital status
stage
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Adjusted analysis

Sex, age, race, registry site, diagnosis year,
education, median household income, insurance,
laterality of cancer, surgery, metastasis, tumor
size, SEER stage

Sex, age, race, diagnosis year, pathological grade,
tumor size, SEER historic stage, insurance status,
surgery

Sex, age, year of diagnosis, race, stage, grade,
chemotherapy, radiotherapy, and surgery type

Sex, age, race, pathologic grade, histotype,
adenocarcinoma, surgery, TNM stage

Age, race, Gleason score, surgery

Sex, race, age, histology, tumor stage, surgery,
radiotherapy

Age, diagnosis year, race, histology, grade of cancer
(I-1v)

Age, race, grade, AJCC stage, Hormone receptor,
HER-2, surgery, chemotherapy, radiotherapy

Race, age, histological types, diagnostic year,
radiotherapy

Sex, race, age, alcohol use, insurance status, tobacco
use, stage, treatment type, primary site

Age, sex, grade, TNM stage, surgery

Race, insurance status, stage, site, treatment, age at
diagnosis, year of diagnosis, county-level median
income

Sex, race, age, year of diagnosis, TNM stage, Tumor
size, radiotherapy, chemotherapy

Age, sex, race, stage, grade, surgery, hormone
receptor status

Age, ethnicity, SES, tumor grade, tumor stage, nodal
stage, year of surgery

Sex, age, race, tumor size, tumor grade, stage,
surgery, insurance status, county level median
household income, education, county percentage
unemployment

Age, race, comorbidity, log-transformed PSA, Biopsy
Gleason grade

Age at diagnosis, lymph node count, stage, grade,
perineural invasion, circumferential resection
margin, adjuvant treatment

Age at diagnosis, sex, insurance status, race,
ethnicity, tobacco use, histology, staging, primary
site, geographic are

(Continues)
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TABLE 1 Continued

Patients’ demographic

Study's characteristics characteristics
Type of Sample Follow-up

First author Year Country study size Recruitment (years) Sex (%)
Rachidi”’ 2020 USA Retrospective 73,558 SEER ND W (45.7)
M (54.3)

Zhou® 2020 USA Retrospective 3947 SEER ND w3
M (60.9)
Cai* 2020 USA Retrospective 4217 SEER 3.8 W (47.5)
M (52.5)
Alyabsi*® 2021 Saudi Retrospective 936 MNG-HA Cancer 5 W (38.3)
Arabia registry M (61.7)
Ding™ 2021 USA Retrospective 8834 SEER 5 W (18.9)
M (81.1)
Liang® 2021 USA Retrospective 4933 SEER ND W (19.6)
M (80.4)
Xing50 2021 USA Retrospective 3375 SEER ND W (41.3)
M (58.7)
AiY 2021 USA Retrospective 1344 SEER ND W (60.7)
M (39.3)
wub 2022 USA Retrospective  61.928 SEER 5 W (52.4)
M (47.6)
Ayaz®® 2022 USA Retrospective 1561 SEER 2.6 W (42.0)
M (58.0)

Abbreviations: Cl, confidence interval; HR, hazard ratio; MMR, mortality rate ratio; ND, no data available; NS, non-significant result; P, prospective 1
ongitudinal study design; R, retrospective longitudinal study design; RR, relative risk.

value of 10 (Figure 4A). The heterogeneity was substantial
(I =86%); however, due to the small number of studies, it
was not possible to perform additional analyses.

3.6.2 | Cancer-specific survival

The sub-category never-married versus married patients
was compared in nine studies. All the studies except
one,* reported that married patients had higher cancer-
specific survival rates than never-married patients. The
association was found in studies on patients with pros-
tate,?® renal,”’ rectal,®’ non-small cell lung,79 endome-
trial®? and head and neck cancer,® osteosarcoma® and in
one study with patients with various cancer types.*® The
meta-analysis showed that the hazard ratio was 1.24 with
a confidence interval of 1.16-1.32 (p <0.001) and an NNT

value of 9 (Figure 4B). The heterogeneity was substantial
(I* =91%), but analysis with further subgroup division
was not possible due to the small number of studies.

3.7 | Analysis of the comparison between
divorced/separated and married patients
3.7.1 | Overall survival

The sub-category of divorced/separated versus mar-
ried people was compared in 12 studies. All but two**?’
reported that married patients had a higher overall sur-
vival rate than divorced/separated ones. The association
between marital status and better survival was found in
studies on patients with cervical,” lung,”® esophageal,”
kidney,** vulvar,”" breast** and laryngeal cancer.”® The
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KRAJC ET AL.
Patients’ clinical characteristics
Stage of Dependent
Age (M, SD) Type of cancer cancer variable
60.4 (15.8) Cutaneous melanoma ND Marital status
<older than 50 Gastric Localized, Marital status
neuroendocrine regional,
neoplasm distant
43.0% <60, Uveal melanoma I-1IV Marital status
57.0% >60
46.6% <59, 53.4% Colorectal cancer Localized, Marital status
>60 regional,
distant
metastatic,
other
56.7% <65, 43.3 265  Laryngeal cancer I-1v Marital status
38.1% <60, 61.9% Liver cancer I-1vV Marital status
>60
53.2% <60, Mycosis fungoides Localized, Marital status
46.8 >60 regional,
distant
stage
52.9 (15.5) Medullary thyroid T1-T4 Marital status
cancer
40.7% <65, Lung adenocarcinoma I-IV Marital status
59.3% >65
55.73 (16.33) Various Local, Marital status
regional,
distant
stage

Adjusted analysis

Sex, race, stage, continuous age

Age at diagnosis, sex, year of diagnosis, ethnicity,
grade, tumor stage, size, surgery

Gender, age, race, diagnosis year, SEER stage,
surgery, median household income, registry site

Gender, age at diagnosis, stage, pathological grading,
tumor site, tumor morphology, chemotherapy
status, surgery status, radiotherapy status

Sex, age, grade, race, histological type, surgery, AJJC
stage, radiotherapy, chemotherapy

Age, sex, race, grade, AJCC, SEER stage

Age, sex, race, T stage

Sex, age, race, tumor stage, nodal stage, metastatic,
surgery

Sex, age, race, grade, TNM stage, surgery,
radiotherapy, chemotherapy, median household
income

Age, race, sex, ethnicity, tumor type, primary site,
grade, summary stage, number of primary
tumors, laterality, use of radiation and use of
chemotherapy.

association was also found in studies of patients with
uveal melanoma,™ soft tissue sarcoma®® and mycosis fun-
goides.”® The meta-analysis showed that the total hazard
ratio was 1.25, with a confidence interval of 1.13-1.39
(p <0.001) and an NNT value of 9 (Figure 5A). The het-
erogeneity was substantial (I2 =98%); however, it was not
possible to perform additional analyses.

3.7.2 | Cancer-specific survival

The sub-category of divorced/separated versus married
people was compared in 34 studies, of which six stud-
ies?2>76163:80.84 4id not find an association between the
groups. Twenty-eight reported that married patients had a
higher cancer-specific survival rate than divorced or sepa-

rated patients. The association between marital status and

better survival was found in two studies with patients with
gastric cancer,*®*% and in one study each on patients with
epithelial ovarian,® esophageal,53 colorectal,®’ liver,69
renal,”’ thyroid,™ kidney,** gallbladder,® endometrial,*
head and neck,®® breast,? rectal,® lung,79 pancreatic86
and laryngeal cancer.” The association was also found
in one study each on patients with bladder urothelial
carcinoma,’* astrocytoma,’® spinal cord tumours,®’ glio-
blastoma multiforme,74 renal cell carcinoma,’® cutaneous
melanoma,”” uveal melanoma,> laryngeal cancer,> lung
adenocarcinoma® and mycosis fungoides,™ and in one
study on patients with various cancer types.*

The meta-analysis showed that the total hazard
ratio was 1.19, with a confidence interval of 1.16-1.23
(p <0.001) and an NNT of 12 (Figure 5B). Due to the high
heterogeneity in the results (I =82%), the studies were
sub-analyzed according to gender (see Figures 3D and
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5C). Following this, the total hazard ratio of divorced/
separated versus married women was 1.09, with a confi-
dence interval of 1.05-1.14 (p >0.001) and an NNT value
of 23. The total hazard ratio of men amounted to 1.38,
with a confidence interval of 1.32-1.44 (p >0.001) and an
NNT value of 6. The analysis of sex differences between
married versus divorced/separated found statistically
significant differences between the two groups (z = 7.91;
p <0.001). The heterogeneity could be explained by gen-
der in the sub-group of divorced/separated versus married
men (I* =0%); however, in the sub-analysis of female pa-
tients it was found to be small-moderate (I* =36%).

3.8 | Analysis of the comparison between
widowed and married patients

3.8.1 | Overall survival

The sub-category of widowed versus married patients ap-
peared in 11 studies. All the studies except one®’ reported
that married patients had a better overall survival than
widowed patients. The association was found in studies
involving patients with cervical,® lung,”® kidney,* es-
ophageal,” laryngeal,”® and non-small cell lung cancer.”
The association was also found in studies of patients with
uveal rnelanoma,54 soft tissue sarcoma,’® gastrointesti-
nal stromal tumor® and mycosis fungoides.”® The meta-
analysis showed that the total hazard ratio was 1.45, with
a confidence interval of 1.31-1.60 (p <0.001) and an NNT
value of 5 (see Figure 6A). The heterogeneity was found to
be considerable (I =98%); however, no further analysis
was possible.

3.8.2 | Cancer-specific survival

The category widowed versus married patients appeared
in 26 studies. All the studies except two®>®’ reported that
married patients had a better cancer-specific survival
than widowed patients. The association was found in
studies involving patients with melanoma,®’ epithelial
ovarian cancer,66 liver cancer,® renal cancer,®® glioblas-
toma multiforme,’* spinal cord tumours,®’ gastrointes-
tinal stromal tumor,88 bladder urothelial carcinorna,72
vulvar cancer,® astlrocytoma,73 endometrial cancer,
osteosarcoma,® head and neck cancer,®® hepatocellular

Car(:inoma,80 renal cell carcinoma,’® cutaneous mela-
noma,’’ gastric neuroendocrine neoplasm,62 uveal mel-
anoma,54 laryngeal cancer,” lung adenocarcinoma,64
mycosis fungoides50 and rectal cancer,? soft tissue sar-
coma® and in one study of patients with various types
of cancer.®

The meta-analysis showed that the total hazard
ratio was 1.34, with a confidence interval of 1.26-1.41
(p <0.001) and an NNT value of 7 (see Figure 6B). Due to
the high heterogeneity in the results (I* =95%), the stud-
ies were categorized according to gender (Figure 6C,D).
Following this, the total hazard ratio of widowed versus
married women amounted to 1.27, with a confidence in-
terval of 1.08-1.49 (p <0.001) and an NNT value of 8. The
total hazard ratio of widowed versus married men was
1.55, with a confidence interval of 1.35-1.76 (p <0.001)
and an NNT value of 5. Statistical comparisons between
genders showed no observed difference in cancer mor-
tality between men and women (z = 1.82; p >0.05). The
heterogeneity was still found to be considerable in the
sub-analysis of female patients (I* =92%), and moderate
in male patients (I* = 48%).

4 | DISCUSSION
We systematically reviewed and performed a meta-
analysis of non-interventional studies that explored the
association between marital status and cancer-specific
and overall survival. We did not limit ourselves to the type
or the stage of cancer in selecting our range of studies, so
we obtained a comprehensive overview of the presented
topic. Here we present data from 70 articles that reported
on the association between marital status and survival.
Our meta-analysis showed that, compared to unmar-
ried patients, being married was significantly associated
with better overall survival (NNT of 7 with a small to
moderate effect, p <0.001) and cancer-specific survival
(NNT of 8 with a small to moderate effect, p <0.001).
Additionally, we found that married patients had better
overall and cancer-specific survival when compared to sin-
gle patients (an NNT of 14 with a small effect, p <0.005,
and an NNT of 13 with a small effect, p <0.001, respec-
tively); never-married patients (an NNT of 10 with a small
effect, p <0.001, and an NNT of 9 with a small to mod-
erate effect, p <0.001, respectively); divorced/separated
patients (an NNT of 9 with a small effect, p <0.001, and

FIGURE 2 Overall and cancer-specific survival hazard ratios comparing unmarried and married cancer patients. (A, C) Pertain to

overall survival, (B, D, E) pertain to cancer-specific survival. (A) Depicts the analysis without subanalyses by gender, (B) depicts the results

of the subanalysis of overall survival for males only. (C) Shows the results of the main analysis, while (D, E) show the results of subanalyses

for males and females, respectively.
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Overall survival Cancer-specific survival
(A) Hazard Ratio Hazard Ratio (C)

Study or Subgroup Ratio] SE_Weight IV, Random, 95% CI Year | Study or Subgroup log[Hazard Ratio]  SE Weight IV, Random, 95% CI Year
Goodwin 1987 0.207 0.0169  7.7%  123[L19,1.27] 1987 | Osborne 2005 0.2231 0047 5.4%  1.25[L.14,1.37] 2005
Datta 2009 0.1906 0.0486 6.6%  1.21[1.10,1.33] 2009 | Abdollah 2011 0.2776 0.0486  5.4%  1.32[1.20, 1.45] 2011
Abdollah 2011 0.3716 0.0216  7.5%  L45[1.39,1.51] 2011 | Abern 2012 0.5128 0.0721  4.8%  1.67 [1.45,1.92] 2012
Baine 2011 0.1398 0.0135  7.7%  L15[L.12, 1.18] 2011 Brusselaers 2014 -0.0513 0.1486  2.9%  0.95[0.71, 1.27] 2014
Abern 2012 0.5423 0.0401 6.9%  1.72[L.59, 1.86] 2012 Inverso 2014 0.3293 0.0381  5.6%  1.39[1.29,1.50] 2014
Brusselaers 2014 -0.0202 0.1433  2.9%  0.98[0.74,1.30] 2014 | Zhang(a) 2017 0.1133 0.0281  5.8%  1.12[1.06, 1.18] 2017
Eskander, 2016 - LC 0.1044 0.0482  6.6%  111[1.01,1.22] 2016 | Adekolujo 2017 0.3577 0.0852  4.4%  1.43[1.21,1.69] 2017
Zhou 2016 0.2151 0.0041  7.8%  1.24[1.23,125] 2016 Miao 2017 0.131 0.0229 5.9%  1.14[1.09, 1.19] 2017
Eskander 2016 - BC 0.3293 0.1057 4.1% 1.39[1.13, 1.71] 2016 Li 2018 0.0834 0.0623 5.0% 1.09 [0.96, 1.23] 2018
Zhang (b) 2017 0.1906 0.0128  7.7%  1.21[1.18,1.24] 2017 | Hinyard 2018 0.4318 0.0134  6.0%  1.54[L.50, 1.58] 2018
Miao 2017 0.1655 0.0176 7.6% 1.18 [1.14, 1.22] 2017 Liao 2018 0.4121 0.1805 2.3% 1.51[1.06, 2.15] 2018
Liu 2019 - BC 0.2231 0.0652 5.8% 1.25 [1.10, 1.42] 2019 Liu 2019 - BC 0.174 0.0737 4.7% 1.19 [1.03, 1.37] 2019
Zhai 2019 04383 001 7.8%  L55[L52, 1.58] 2019 Rosiello 2019 0.174 0.0888  4.3%  1.19[1.00, 1.42] 2019
Khan 2019 0.3507 0.1303  3.3%  142[1.10,1.83] 2019 | zhai 2019 0.2927 0.0155  6.0%  1.34[1.30, 1.38] 2019
Osazuwa-Peters 2019 0.4574 0.1489 2.8% 1.58[1.18, 2.12] 2019 Khan 2019 0.678 0.3409 0.9% 1.97 [1.01, 3.84] 2019
Ai 2021 0.7655 0.1539  2.7% 2.15 [L.59, 2.91] 2021 Yang 2019 0.5008 0.1499 2.8% 1.65 [1.23, 2.21] 2019
Ayaz 2022 0.3365 0.0959  4.5% 1.40[1.16, 1.69] 2022 Chen 2019 0.131 0.009 6.0% 1.14 [1.12, 1.16] 2020

Maas 2020 0.4305 0.0661  4.9%  1.54 [1.35, 1.75] 2020
Total (95% CI) 100.0%  1.32 [1.24, 1.40] Alyabsi 2021 0.2624 0.0538  5.3%  1.30[L17, 1.44] 2021

Heterogeneity: Tau? = 0.01; Chi’ = 643.51, df = 16 (P < 0.00001); I” = 98% Liang 2021 01398 0.0368  5.6%  115[L07 1.24] 2021

Test for overall effect: Z = 8.91 (P < 0.00001) Ai 2021 0.5306 0.1906 2.1%  1.70[1.17,2.47] 2021
Hazard Ratio Ayaz 2022 03221 0.1065  3.8%  1.38[L12,1.70] 2022
1V, Random, 95% CI Total (95% CI) 100.0% 130 [1.22, 1.40]
. Heterogeneity: Tau? = 0.02; Chi? = 460.30, df = 21 (P < 0.00001); I* = 95%
- Test for overall effect: Z = 7.69 (P < 0.00001)
- Hazard Ratio
- IV, Random, 95% CI
- -
-1 -
il -
- -
L] —_—
- -
L + y {
0.01 0.1 10 100
Favours unmarried Favours married
Hazard Ratio -
Study or Subgroup  log[Hazard Ratlo] SE_Welght IV, Random, 95% Cl Year -
Datta 2009 0.2231 0.0425 21.1%  1.25[1.15, 1.36] 2009 —_—
Abdollah 2011 0.3716 0.0216 23.1%  1.45[1.39,1.51] 2011 —
Abern 2012 0.5423 0.0401 21.4%  1.72[1.59, 1.86] 2012
Gomez 2016 0.239 0.004 23.9%  1.27[1.26, 1.28] 2016
Khan 2019 03507 0.1303 10.6%  1.42[1.10, 1.83] 2019 ]
Total (95% CI) 100.0%  1.41[1.26, 1.58] 0.01 01 10 100
Heterogeneity: Tau? = 0.01; Chi* = 92.41, df = 4 (P < 0.00001); I* = 96% . .
Test for overall effect: Z = 6.02 (P < 0.00001) Favours unmarried Favours married
Hazard Ratio
" Hazard Ratio (D)
|V; R 1y 95% ClI Study or Subgroup _ log[Hazard Ratio] SE_Weight IV, Random, 95% Cl _Year
= Abdollah 2011 0.2776 0.0486 35.3%  1.32[1.20, 1.45] 2011
Abern 2012 0.5128 0.0582 33.2%  1.67 [L.49, 1.87] 2012
u Adekolujo 2017 03577 0.0852 27.1%  1.43[L21,1.69] 2017
= Khan 2019 0.678 03409  4.4%  1.97[1.01,3.84] 2019
L] Total (95% CI) 100.0%  1.48 [1.28,1.72]
—_ Heterogeneity: Tau? = 0.01; Chi? = 10.45, df = 3 (P = 0.02); I = 71%

Test for overall effect: Z = 5.21 (P < 0.00001)
¢ Hazard Ratio
} . 1V, Random, 95% CI

0.01 0.1 10 100 u
Favours unmarried males Favours married males L]
-

*

0.01 0.1 10 100

Favours unmarried males Favours married males

Hazard Ratio (E)
Study or log[Hazard Ratio] SE_Weight IV, Random, 95% CI _Year
Osborne 2005 02231 0.047 33.4%  1.25[L14,1.37] 2005
Hinyard 2018 0.3436 0.0184 41.8% 1.41[1.36, 1.46] 2018
Liu 2019 - BC 0.174 0.0737 24.8%  1.19[1.03, 1.37] 2019
Total (95% C1) 100.0% 130 [L16, 1.45]

Heterogeneity: Tau? = 0.01; Chi® = 9.82, df = 2 (P = 0.007); I = 80%
Test for overall effect: Z = 4.67 (P < 0.00001)
Hazard Ratio
IV, Random, 95% CI
[m]

0
. I

0.01 0.1 10 100
Favours unmarried females Favours married females
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( A) Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE_Weight IV, Random, 95% Cl _Year
Patel, 2010 0.1222 0.0473 16.0%  1.13[1.03, 1.24] 2010
Du, 2017 0.131 0.0136 23.0%  1.14[L.11,1.17] 2017
Rubin, 2017 0.1044 1.0212  0.1%  1.11[0.15,8.21] 2017
Zhang, 2018 0.2311 0.0292 20.1%  1.26[1.19, 1.33] 2018
Cai 2020 0.1823 0.0879  8.8%  1.20[1.01, 1.43] 2020
Ding 2021 0.2927 0.0396 17.7%  1.34[1.24, 1.45] 2021
—_— Xing 2021 -0.0305 0.1112  6.4%  0.97[0.78, 1.21] 2021
C>0 Ayaz 2022 01931 0.096  7.9%  1.21[1.00, 1.46] 2022
- Total (95% CI) 100.0% 119 [L12,1.27]
E Heterogeneity: Tau? = 0.00; Chi? = 25.44, df = 7 (P = 0.0006); I* = 72%
=3 Test for overall effect: Z = 5.39 (P < 0.00001)
2 Hazard Ratio
© 1V, Random, 95% CI
S e
o -
=
e
L]
-
F-
, t t J
0.01 0.1 10 100
Favours single Favours married
B Hazard Ratio Hazard Ratio (C)
( ) Study or Subgroup  log[Hazard Ratio] SE_Weight IV, Random, 95% Cl Year Study or Subgroup  log[Hazard Ratio] SE_Weight IV, Random, 95% Cl Year
Reyes Ortiz, 2007 0.1133 0.1116  16%  1.12[0.90, 1.39] 2007 Saito-Nakaya 2008 0.1044 0.2652 7.2%  1.11[0.66, 1.87] 2008
Saito-Nakaya 2008 0.0953 0.2234  0.5%  1.10[0.71, 1.70] 2008 Wang, 2011 0.1484 0.0225 45.7%  1.16[1.11, 1.21] 2011
Wang, 2011 0.1432 0.0245  5.4%  1.15[1.10, 1.21] 2011 Cai 2020 -0.3011 0.2538  7.7%  0.74[0.45,1.22] 2020
Mahdi, 2013 0.0953 0.0189  5.7%  1.10[L.06, 1.14] 2013 Ding 2021 03075 0.0513 39.3%  1.36[1.23, 1.50] 2021
Li, 2015 0.27 0.0158  5.8%  1.31[1.27,1.35] 2015
Shi, 2016 0.0953 0.1437  1.1%  1.10[0.83, 1.46] 2016 Total (95% CI) 1000% 119 [1.02,1.38]
lin, 2016 0.2469 0.0245  5.4%  1.28[1.22, 1.34] 2016 Heterogeneity: Tau? = 0.01; Chi? = 11.61, df = 3 (P = 0.009); I* = 74%
He, 2016 0.0862 0.0142  5.8%  1.09[L.06, 1.12] 2016 Test for overall effect: Z = 2.24 (P = 0.02)
Du, 2017 0.1044 0.014 5.8%  1.11[1.08, 1.14] 2017 Hazard Ratio
Li, 2017 0.0862 0.081  2.5%  1.09[0.93, 1.28] 2017
Wang, 2017 0.0583 0.0297 5.1%  1.06 [1.00, 1.12] 2017 IV, Random, 95% CI
Zhang, 2018 0.3221 0.0424  4.4%  1.38[1.27, 1.50] 2018
Niu, 2018 0.2469 0.0203  5.6%  1.28[1.23, 1.33] 2018
Wu, 2018 0.0392 0.1213  14%  1.04[0.82, 1.32] 2018
Xie-a, 2018 0.0953 0.0141  5.8%  1.10[1.07, 1.13] 2018
Xie-b, 2018 0.1823 0.0217  5.5%  1.20[L.15, 1.25] 2018 m
Luo, 2019 0.0488 0.0249  5.4%  1.05[1.00, 1.10] 2019
Zhang, 2019 0.207 0.0397  4.5%  1.23[L14,1.33] 2019
Liu 2019 - PC 0.1398 0.009  6.0%  1.15[1.13,1.17] 2019
Cai 2020 -0.1625 0.195  0.7%  0.85[0.58, 1.25] 2020 . ’ ) '
Rachidi, 2020 0.3988 0.0896  2.2%  1.49[L.25, 1.78] 2020 y y 1 p y
Zhou 2020 0.1989 0.1223  1.4%  1.22[0.96, 1.55] 2020 0.01 . 0.1 1 10 . 100
Ding 2021 0.2852 0.0482  4.0%  1.33[1.21, 1.46] 2021 Favours single males Favours married males
Xing 2021 0.174 0.1482  1.0%  1.19[0.89, 1.59] 2021 Hazard Ratio
Ayaz 2022 01906 01024 L8% 12110991481 2022 | suuay or Subgroup _loglHazard Ratis] _SE_weight 1V, Random, 95%1_vear(D)
(_5 u i ’ i R Saito-Nakaya 2008 -0.1863 0.4122  0.2%  0.83[0.37,1.86] 2008
> wowo Dk oo zb 1irionizy o
S Heterogeneity: Tau? = 0.00; Chi? = 221.78, df = 25 (P < 0.00001); I? = 89% Mahdi, 0953 0. - +10[1.06, 1.14]
E Test for overall effect: Z = 9.54 (P < 0.00001) Wang, 2017 0.0953 0.0385 14.5%  1.10[1.02, 1.19] 2017
S . Nt o Wu, 2018 0.0392 0.1213  1.9%  1.04[0.82, 1.32] 2018
) Hazard Ratio Luo, 2019 0.0488 0.0249 25.3%  1.05[1.00, 1.10] 2019
1V, Random, 95% CI Cai 2020 -0.393 0.2999  0.3%  0.68[0.38, 1.22] 2020
O T— Ding 2021 01222 0.1161  2.1%  1.13[0.90, 1.42] 2021
U=
»o— -T— Total (95% CI) 100.0%  1.10 [1.06, 1.13]
8 - Heterogeneity: Tau? = 0.00; Chi? = 9.44, df = 7 (P = 0.22); I* = 26%
a - Test for overall effect: Z = 5.35 (P < 0.00001)
7 - Hazard Ratio
i -+ IV, Random, 95% CI
(0] - —
[&] . -
c .
© | ]
©) -
-
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FIGURE 3 Overall and cancer-specific survival hazard ratios comparing single and married cancer patients. (A) Pertains to overall

survival, (B-D) pertain to cancer-specific survival. (A) Shows the main analysis, without further subgroup analyses. (B) Shows the main

analysis, while (C, D) represent the results of subanalyses by gender, for males and females, respectively.
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Overall survival

Hazard Ratio

(A) Study or Subgroup log[Hazard Ratio] SE Weight IV, 95% Cl Year

Cancer-specific survival

B Hazard Ratio
( ) Study or Subgroup log[Hazard Ratio] SE Weight IV, d 95% Cl _Year

Abdollah 2011
Tannenbaum, 2013
Wu 2017

Khan 2019

0.2546 0.0243 31.5%
0.1655 0.0266 30.7%
0.1398 0.0135 34.6%
0.571 0.2026 3.2%

1.29[1.23, 1.35] 2011
1.18[1.12, 1.24] 2013
1.15[1.12, 1.18] 2017
1.77[1.19, 2.63] 2019

Total (95% CI) 100.0% 1.22 [1.13, 1.31]
Heterogeneity: Tau? = 0.00; Chi® = 21.03, df = 3 (P = 0.0001); I* = 86%
Test for overall effect: Z = 5.22 (P < 0.00001)

Hazard Ratio

1V, Random, 95% CI

0.01 0.1 1 10 100
Favours never married Favours married

Abdollah 2011 0.2624 0.0282 12.1% 1.30[1.23, 1.37] 2011

Aizer 2013 0.2852 0.0116 13.0% 1.33 [1.30, 1.36] 2013
Wang, 2017 0.1062 0.0332 11.7% 1.11[1.04, 1.19] 2017
Wu 2017 0.1222 0.0137 13.0% 1.13 [1.10, 1.16] 2017
Wang 2018 0.3365 0.0262 12.3% 1.40 [1.33, 1.47] 2018
Dong 2019 0.207 0.0451 10.7% 1.23[1.13, 1.34] 2019
Qiu 2019 0.1484 0.0706 8.4% 1.16 [1.01, 1.33] 2019

Simpson 2019
Yan 2019

0.2927 0.0274 12.2%
0.077 0.093 6.6%

1.34 [1.27, 1.41] 2019
1.08 [0.90, 1.30] 2019

Total (95% CI) 100.0% 1.24 [1.16, 1.32]
Heterogeneity: Tau? = 0.01; Chi? = 125.75, df = 8 (P < 0.00001); I = 94%
Test for overall effect: Z = 6.33 (P < 0.00001)

Hazard Ratio
1V, Random, 95% ClI

0.01 0.1 10 100
Favours never married Favours married

FIGURE 4 Overall and cancer-specific survival hazard ratios comparing never married and married cancer patients. (A) Pertains to

overall survival and (B) pertains to cancer-specific survival.

an NNT of 12 with a small effect, p <0.001, respectively);
and widowed patients (an NNT of 5 with a small to mod-
erate effect, p <0.001 in overall and an NNT of 7 with a
small to moderate effect, p <0.001, in cancer-specific sur-
vival). The statistics on gender group differences showed
that the difference between the genders was statistically
significant only between divorced/separated versus mar-
ried men and women (p <0.0001). Although the hazard
ratio was higher in all the sub-analyses for men compared
to women, a statistically significant gender difference was
not found in any of the other sub-analyses.

The highest clinical significance was found when
comparing married and widowed cancer patients’ over-
all (HR 1.45, 95% C11.31-1.60, p <0.001, NNT of 5) and
cancer-specific survival (HR 1.34, 95% Cl 1.26-1.41,
p <0.001, NNT of 7) (Figure 6A,B). Besides the prob-
lems, threats and burdens associated with the illness,
these patients must also face the loss of an important
person, which may have a negative impact on their
health.** Being a widow or widower is usually accom-
panied by high emotional stress or grief, a reduction in
their social network, and at the same time the loss of the
material support provided by a spouse. Widows and wid-
owers accept chemotherapy less frequently than those
who are married, and are more likely to find treatment

in healthcare facilities of lower quality.” Studies have
shown that widowed individuals have a poorer immune
response: a poorer lymphocyte response in the periph-
eral blood regions®** and reduced activity of natural
killer cells®*** which play a key role in the identification
and removal of cancer cells."

The second highest clinical significance was when
comparing married versus unmarried patients’ overall
(HR 1.32, 95% CI 1.24-1.40; p >0.001, NNT of 7) and
cancer-specific survival (HR 1.30, 95% CI 1.22-1.40;
p >0.001, NNT of 8) (Figure 2A,C). This result can be
interpreted through various mechanisms which, in ad-
dition to psychosocial factors, also include economic and
environmental factors.'> Having a partner or spouse is
associated with a healthier lifes.tyle,95 a greater chance of
discovering the disease at an earlier stage and deciding on
active treatment,96 higher financial incorne,97 and better
mental health.”® Cancer is a great stressor for the person
affected, so emotional support, which the spouse can offer
in a specific way, can help to reduce the negative effects
of stress, which can lead to better outcomes of the treat-
ment itself.® The presence of a loving and caring partner is
also associated with an increased release of the hormone
oxytocin, which can inhibit the growth of cancer cells
through indirect and direct mechanisms."'
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Overall survival

(A)

Hazard Ratio

Study or Subgroup _log[Hazard Ratio] ___SE_Weight IV, Random, 95% CI _Year
Patel, 2010 0.3436 0.0494  9.0%  1.41[1.28, 1.55] 2010
Tannenbaum, 2013 0.0488 0.0148  9.8%  1.05[L02, 1.08] 2013
Brusselaers 2014 0.1044 01243  63%  1.11[0.87,1.42] 2014
Wu 2017 0.1398 0.0135  9.8%  1.15[1.12,1.18] 2017
Dy, 2017 0.1484 00138  9.8%  1.16[L13,1.19] 2017
Miao 2017 0.2231 0.0166  9.8%  1.25[1.21,1.29] 2017
Zhang, 2018 0.1655 0.0405  9.3%  1.18[1.09,1.28] 2018
Khan 2019 01222 0216 3.6%  113[0.74,1.73] 2019
Zhai 2019 04383 001  9.8%  155[L52, 1.58] 2019
Cai 2020 0.27 01033  7.1%  131[1.07,1.60] 2020
Ding 2021 03075 0.0349  9.4%  136[1.27,1.46] 2021
Xing 2021 03646 01237  6.3%  1.44[1.13,1.84] 2021
Total (95% CI) 100.0%  125[113,139]

Heterogeneity: Tau® = 0.03; Chi? = 674.26, df = 11 (P < 0.00001); I* = 98%
Test for overall effect: Z = 4.40 (P < 0.0001)

Hazard Ratio
IV, Random, 95% CI

0.01 0.1 10 100
Favours divorced Favours married

IC surviva

Cancer-specifi

Hazard Ratio

(B) Study or Subgroup _log[Hazard Ratio] SE_Weight IV, Random, 95% CI _Year

Reyes Ortiz, 2007 001 0.1384  0.8%  1.01[0.77,1.32] 2007
Saito-Nakaya 2008 0.1044 0.1866  0.5%  1.11[0.77,1.60] 2008
Aizer 2013 01989 0.017  4.8%  1.22(1.18,1.26] 2013
Mahdi, 2013 01222 0.0231  4.5%  1.13(1.08,1.18] 2013
Brusselaers 2014 0.0862 0.1269  0.9%  1.09[0.85,1.40] 2014
L, 2015 0.1655 0.0176  4.8%  1.18[1.14,1.22] 2015
He, 2016 0.0677 0.0194  4.7%  1.07[1.03, 1.11] 2016
Wang 2016 0157 00315 4.0%  1.17(1.10,124] 2016
Shi, 2016 0.5766 0.1449  0.7%  1.78(1.34,2.36] 2016
Jin, 2016 01989 0.0301  4.1%  1.22[1.15,1.29] 2016
Zhou 2016 03001 0.143  0.7%  1.35(1.02,1.79) 2016
Dy, 2017 0.1484 00134  5.0%  1.16(1.13,1.19) 2017
Miao 2017 0.1823 0.0217  4.6%  1.20[L15,1.25] 2017
Wu 2017 0.131 00136  5.0%  1.14[1.11,1.17) 2017
1, 2017 0.1484 0.0508  2.9%  1.16(1.05, 1.28] 2017
Wang, 2017 0157 00315  4.0%  1.17(1.10,124] 2017
Wang 2018 0.1484 0.0318  4.0%  1.16(1.09,1.23] 2018
Alvi 2018 05653 0.2398  0.3%  1.76(1.10,2.82] 2018
Niu, 2018 02231 0.0208  4.6%  1.25(1.20,1.30] 2018
Wy, 2018 -0.2614 0.1359  0.8%  0.77[(0.59, 1.00] 2018
Xie-a, 2018 01906 00172  4.8%  1.21(1.17,1.25] 2018
Xie-b, 2018 01906 0.0172  4.8%  1.21[1.17,1.25] 2018
Zhang, 2018 0.1398 0.0464  3.2%  1.15(1.05,1.26] 2018
Yan 2019 -0.0305 0.1047  12%  0.97(0.79,1.19] 2019
Zhai 2019 0.2852 0.0156  4.9%  1.33(1.29,137) 2019
Zhang, 2019 0.3148 0.0805  1.8%  1.37(1.17,1.60] 2019
Dong 2019 0.174 0.0495  3.0%  1.19(1.08,131] 2019
Qiu 2019 0.0296 01226  0.9%  1.03(0.81,131] 2019
Simpson 2019 0.2776 00319  4.0%  1.32(1.24,141] 2019
Rachidi, 2020 03646 01059  1.2%  1.44(1.17,1.77) 2020
Cai 2020 0.4637 01698  0.5%  1.59 (1.14,2.22] 2020
Ding 2021 0239 00506  3.0%  1.27[L.15,1.40] 2021
Xing 2021 0.5008 0.2023  0.4%  1.65(1.11,2.45] 2021
Wu 2022 0.0953 0.0237  4.5%  1.10(1.05, 1.15] 2022
Total (95% CI) 100.0% 119 [1.16, 1.22]

Heterogeneity: Tau® = 0.00; Chi* = 175.83, df = 33 (P < 0.00001); I* = 81%
Test for overall effect: Z = 13.40 (P < 0.00001)

Hazard Ratio
\'A d 95% CI

Hazard Ratio
log[Hazard Ratio] SE_Weight IV, Random, 95% CI _Year
0.1044 0.2352 0.9% 1.11[0.70, 1.76] 2008
0.3293 0.0264 71.3% 1.39(1.32, 1.46] 2019

Study or Subgrou
Saito-Nakaya 2008
Simpson 2019

Cai 2020 0.5545 0.2394 0.9% 1.74 (1.09, 2.78] 2020
Ding 2021 03075 0.043 26.9% 1.36 [1.25, 1.48] 2021
Total (95% CI) 100.0% 138132, 1.44]

Heterogeneity: Tau? = 0.00; Chi* = 1.99, df = 3 (P = 0.58); I = 0%
Test for overall effect: Z = 14.50 (P < 0.00001)

Hazard Ratio

©

0.01 0.1 10 100
Favours divorced Favours married

v, d 95% CI
L]

0.01 0.1 10 100

Favours divorced males Favours married males

Hazard Ratio

Study or Subgroup _log[Hazard Ratio] ___SE_Weight IV, Random, 95% CI _Year
Saito-Nakaya 2008 -0.1863 0.4122 0.2% 0.83 [0.37, 1.86] 2008
Wang, 2011 0.1398 0.0273 23.0% 1.15 [1.09, 1.21] 2011
Mahdi, 2013 0.0953 0.0189 30.5%  1.10[1.06, 1.14] 2013
Wang, 2017 0.0953 0.0385 15.7% 1.10[1.02, 1.19] 2017
W, 2018 00392 01213  2.4%  1.04(0.82,1.32] 2018
Luo, 2019 0.0488 0.0249 25.0%  1.05[1.00, 1.10] 2019
Cai 2020 04612 0.2379  0.6%  1.59(0.99,2.53] 2020
Ding 2021 -0.0619 01152  2.6%  0.94[0.75, 1.18] 2021
Total (95% CI) 100.0%  1.09 [1.05, 1.14]

Heterogeneity: Tau® = 0.00; Chi* = 10.95, df = 7 (P = 0.14); I = 36%
Test for overall effect: Z = 4.72 (P < 0.00001)

Hazard Ratio

1V, Random, 95% CI
Ll
&}
=
iy
J
0.01 0.1 10 100

Favours divorced females Favours married females

(D)

FIGURE 5 Overall and cancer-specific survival hazard ratios comparing divorced and married cancer patients. (A) Pertains to overall

survival, (B-D) pertain to cancer-specific survival. (A) Shows the main analysis, without further subgroup analyses. (B) Shows the main

analysis, while (C, D) represent the results of subanalyses by gender, for males and females, respectively.
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(A) Hazard Ratio
Study or Subgroup _log[Hazard Ratio] __ SE_Weight IV, Random, 95% CI _Year
Patel, 2010 0.9203 0.0468 12.2%  2.51[2.29,2.75] 2010
Tannenbaum, 2013 0.131 0.0219 13.4%  1.14[1.09, 1.19] 2013
Wu 2017 0.1484 0.0089 13.7%  1.16[1.14,1.18] 2017
Du, 2017 01989 0011 13.6%  1.22[1.19,1.25] 2017
Miao 2017 0.2231 0.0166 13.5%  1.25[1.21,1.29] 2017
Khan 2019 03853 0.2447 3.2%  1.47[0.91,2.37] 2019
Cai 2020 0.2624 0.0899  9.5%  1.30[1.09, 1.55] 2020
Ding 2021 0.4824 0.0427 12.5%  1.62[1.49,1.76] 2021
Xing 2021 0793 0.1075  8.4%  2.21[1.79,2.73] 2021
Total (95% CI) 100.0% 145 [131, 1.60]
r—1 Heterogeneity: Tau? = 0.02; Chi? = 356.50, df = 8 (P < 0.00001); I = 98%
©
Test for overall effect: Z = 7.42 (P < 0.00001)
>
E Hazard Ratio
5 1V, Random, 95% CI
(2] -
= n
©
6 L]
> L]
o .
-
-
-
; + + {
0.01 0.1 10 100
Favours widowed Favours married
Hazard Ratio
Hazard Ratio
(B) Study or Subgroup _ log| Ratio] SE_Weight IV, Random, 95% Cl Year Study or Sul log[Hazard Ratio] SE_Weight IV, Random, 95% CI _Year (C)
Reyes Ortiz, 2007 0.207 0.0759  3.8%  1.23[1.06, 1.43] 2007 Saito-Nakaya 2008 0.5306 0.1777 11.6%  1.70[1.20, 2.41] 2008
Saito-Nakaya 2008 0.0953 0.1024  3.1%  1.10[0.90, 1.34] 2008
Simpson 2019 0.3436 0.0375 49.7%  1.41[1.31,1.52] 2019
Aizer 2013 0.2151 0.0083  5.1%  1.24[1.22,1.26] 2013 Cal 2020 08198 03126  4.3%  2.27(123 419] 2020
Mahdi, 2013 0.3988 0.0139  5.0%  1.49[1.45,1.53] 2013 Ding 2021 04886 0074 34.4% 163 (141 1.88] 2021
Li, 2015 0.0583 0.0668  4.0%  1.06[0.93,1.21] 2015 '
He, 2016 0.1906 0.0215  5.0%  1.21[1.16,1.26] 2016 Total (95% Cl) 1000% 155 [135, 1.76]
Wang 2016 0.1484 0.0271  4.9%  1.16[1.10,1.22] 2016 ty: Tau? = 0.01: Chi? = 5.78, df = 3 (P = 0.12): I* = 4
Zhang, 2018 0.174 0.0309  4.8%  1.19[1.12,1.26] 2018 ?::f'}z‘:::z,’,gfta.o ’?5“(,, <5(') &',g;l)a( b 8%
Wang 2018 04762 0.0327  4.8%  1.61[L51,1.72] 2018 e : N
Xie-b, 2018 01823 00262 4.9%  120[L14,1.26] 2018 Hazard Ratio
Alvi 2018 0.6981 0.2223  13%  2.01[1.30,3.11] 2018 IV, Random, 95% CI
Chen 2018 0.5539 0.1073  3.0%  1.74[1.41,2.15] 2018
Niu, 2018 0.5128 0.0155  5.0%  1.67[1.62,1.72] 2018 -
Wu, 2018 0.3075 0.0945  3.3%  1.36[1.13,1.64] 2018 n
Xie-a, 2018 0.239 00163  5.0%  1.27[1.23,1.31] 2018
Dong 2019 0.1989 0.0482  4.5%  1.22[1.11,1.34] 2019
Qiu 2019 0.2927 0.1148  2.8%  1.34[1.07,1.68] 2019 -
Simpson 2019 0.2469 0.0415  4.6%  1.28[1.18,1.39] 2019
Yan 2019 0.1044 0.1483  2.2%  1.11[0.83, 1.48] 2019
Zhang, 2019 0.3436 0.0454  4.5%  1.41[1.29,1.54] 2019 ¢
Zhou 2020 0.2852 0.1206  2.7%  1.33[1.05,1.68] 2020 . X X )
Cai 2020 0.2231 0.1849  1.7%  1.25[0.87,1.80] 2020 L + t J
Rachidi, 2020 03507 0.0945  33%  1.42[L18,1.71] 2020 0.01 0.1 10 100
Ding 2021 0.5306 0.0571  4.3%  1.70[1.52,1.90] 2021 Favours widowed males Favours married males
Xing 2021 0.8879 0.1944  15%  2.43[1.66,3.56] 2021 prorT—"
Wu 2022 01906 00259  4.9%  1.21[1.15,1.27] 2022 Study or Subgroup _log[Hazard Ratio] __SE_Weight IV, Random, 95% CI_Year (D)
Total (95% CI) 1000% 134 [1.26, 1.41] Saito-Nakaya 2008 -0.3567 0.1717 11.2%  0.70[0.50,0.98] 2008
© Heterogeneity: Tau? = 0.02; Chi? = 542.32, df = 25 (P < 0.00001); I? = 95% :)";::'-2‘2)2;3 g'iggg g'g::g %‘g: i';g ﬁﬁ ;;i} gg;:
Test fo Il effect: Z = 10.02 (P < 0.00001 g . - -22[1.11, 1.
= est for overall efre ®< . Simpson 2019 01398 0.0416 21.0%  1.15[1.06, 1.25] 2019
E Hazard Ratio Cai 2020 0.5423 02189  8.5%  1.72[1.12,2.64] 2020
Ding 2021 0.4511 0.1002 16.6%  1.57[1.29,1.91] 2021
5 1V, Random, 95% CI 9 t !
n - Total (95% CI) 100.0% 127 [1.08, 1.49]
o 1 Heterogeneity: Tau? = 0.03; Chi? = 65.92, df = 5 (P < 0.00001); I* = 92%
— I~ Test for overall effect: Z = 2.94 (P = 0.003)
'O Hazard Ratio
- )
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FIGURE 6 Overall and cancer-specific survival hazard ratios comparing widowed and married cancer patients. (A) Pertains to overall
survival, (B-D) pertain to cancer-specific survival. (A) Shows the main analysis, without further subgroup analyses. (B) Shows the main
analysis, while panels C and D represent the results of subanalyses by gender, for males and females, respectively.
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A smaller clinical significance (NNT >8) was found
in divorced/separated patients (overall: HR 1.25, 95% CI
1.13-1.39, p <0.001; and cancer-specific survival: HR
1.19, 95% CI 1.16-1.23, p <0.001; see Figure 5A,B); sin-
gle patients (overall: HR 1.19, 95% CI 1.12-1.27, p <0.005;
and cancer-specific survival: HR 1.17, 95% CI 1.13-1.21,
p <0.001; see Figure 3A,B); and never-married patients
(overall: HR 1.22,95% CI 1.13-1.31, p <0.001; and cancer-
specific survival: HR 1.24, 95% CI 1.16-1.32, p <0.001;
see Figure 4A,B) compared to married cancer patients.
Although divorce from a spouse can be a stressful event,
it is possible that patients were able to build their own so-
cial network, thus replacing the support that a partner or a
spouse could have offered them. Single and never-married
patients have not been exposed to a stressful event such
as separation or the death of their spouse, as experienced
by the widowed patients, which could explain the lower
clinical significance found in this group.

While being unmarried, single, divorced/separated, or
widowed conferred a higher risk of cancer-specific sur-
vival for men than for women, the difference between
the genders was statistically significant only for the sub-
analysis of divorced/separated versus married group. This
could be explained by the fact that women are more likely
to encourage their spouse to have a health-beneficial life-
style than vice versa.® Married male cancer patients have
reported significantly lower levels of psychological dis-
tress and higher psychological support from their spouse,
which may have resulted in a better cancer prognosis.’ It
has also been suggested that men gain more social bene-
fits from marriage, while women gain more financial ben-
efits.”” Women are expected to benefit more from a large
social network than from marriage alone, at least accord-
ing to the results of the comparison of large versus small
social networks found in two studies,'®!! and the find-
ing that unmarried women have longer survival rates than
unmarried men, as found in this study.

Our conclusions are somewhat different when com-
paring our study to the earlier two previous meta-analyses
conducted on social support and cancer survival. The first
meta-analysis published in 2010,'? including 87 studies,
reported that the worst survival rate was observed in never-
married patients compared to the married group. While
our study found significant differences when comparing
the never-married versus married group, the greatest dif-
ferences were found in the general unmarried group and
the widowed group (as compared to the married group).
The differences in the findings could be attributed to the
fact that our study was conducted 12years later when
couples are less likely to decide to get married than they
used to be. Being unmarried does not necessarily mean
that they do not have a partner. Compared to the newer
study,13 carried out in 2018 and examining the results of

21 studies, our study confirms that divorced/separated
men had a higher risk of cancer mortality compared to the
mortality rate found in women. Future prospective studies
should consider these findings when planning appropri-
ate sample size, in order to be able to perform additional
gender-adjusted analyses.

Although much care was taken to limit the confounders
of our analyses and literature review, some limitations are
nonetheless present in this study. The first is that some of
the included studies did not provide data on the age, gender,
and stage of cancer of the patients, making it difficult to de-
termine whether the observed associations were moderated
by the demographic and clinical characteristics of cancer
patients. Additionally, the category of unmarried patients
was quite heterogeneous and, when referred to in studies
without additional explanation, can be hard to interpret, as
it could mean the patients were divorced, separated, never-
married, single, widowed or any combination thereof.

Despite these limitations, 63 articles represent a large
portion of original research on the association between
marital status and the survival of cancer patients, span-
ning more than three decades. Further strengths of the
present systematic review are the categorization of the
various subgroups of unmarried patients and the catego-
rization of overall and cancer-specific survival, increas-
ing the accuracy of the conclusions made. Furthermore,
where available, a separate analysis for men and women
was carried out to test for possible moderator variables.

5 | CONCLUSION

Our systematic review of the literature showed that
being married is associated with improved overall and
cancer-specific survival. The main conclusion is that
of the different subgroups of unmarried patients, the
widowed are the group with the shortest survival rate,
possibly reflecting diminished social contact and the
effects of stress and loss on the health of patients. To
elucidate the details of this association and determine
the contributing factors that moderate the link between
marital status and cancer survival, further research into
the bodily and psychological processes following the
loss of a spouse should be carried out. Additionally, the
subgroup analysis by gender showed that divorced/sep-
arated men have the worst survival rate when compared
to the female cancer patients. This review carries impor-
tant clinical and research implications, where clinicians
can benefit by being aware of the effects of marital sta-
tus on cancer treatment, enabling them to more easily
identify patients in need of comprehensive intervention.
The research community can benefit from the findings
of this review and meta-analysis by taking into account
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the differences in the subgroups of unmarried patients
when designing further studies, as well as the differ-
ences in the effects of marital status on men and women.
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