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ABSTRACT

Lung cancer is associated with high mortality, and significant health burden. Marital status has been associated
with lung cancer survival. This systematic review and meta-analysis set out to investigate the association be-
tween marital status and treatment receipt in lung cancer.

The search was conducted across three databases: Medline (OVID), Embase and CINAHL, from inception to
June 2022. Retrospective or prospective observational studies that quantified treatment receipt by marital status
were eligible for inclusion. Study quality was assessed via a modified checklist for retrospective databased-based
studies. Meta-analysis using a random effects model was undertaken by chemotherapy, radiotherapy, surgery,
and any treatment relative to married or not married. Pooled unadjusted odds ratios (ORs) and 95 % confidence
intervals (CIs) were calculated for each type of treatment.

837 papers were screened and 18 met the inclusion criteria with eight being eligible for inclusion in the meta-
analysis. Studies were excluded from meta-analysis due to overlap in the data reported in papers; the mean
quality score of the 18 included papers was 12/17.

Being married was associated with increased odds of overall treatment OR 1.43 (95 % CI 1.14-1.79; P=82 %;
Tau? = 0.07; six studies) and also increased receipt of: chemotherapy 1.40 (95 % CI 1.35-1.44; 12 = 82 %; Tau 2
= 0.00); radiotherapy 1.29 (95 % CI 0.96-1.75; P =100 %; Tau 2- 0.09; four studies) and surgery (95 % CI
1.31-1.52; 2 = 86 %; Tau ? = 0.00; five studies).

The results indicate that those who are married are more likely to receive treatment for lung cancer compared
to those who are not married. This requires further investigation to better understand the explanations behind
this finding and how we can work to combat this inequality.

1. Background

survival rate of around 5 % [6].
One of the factors that has the potential to influence cancer outcomes

Lung cancer is the second most common cancer worldwide, causing
an estimated 1.8 million deaths globally [1]; the disease accounts for
around one fifth of all cancer fatalities [2,3]. Treatment for lung cancer
is dependent on histology, stage at presentation and functional evalua-
tion of the patient, and can involve surgery, chemotherapy, radio-
therapy, and immunotherapy [3,4]. Despite these treatment advances,
the five-year survival rate for lung cancer is between 10 % and 20 % [5].
This rate reduces significantly as the stage at diagnosis increases; for
example, patients with stage IV lung cancer have an estimated 5-year

is access to treatment. There are many different structural, clinical, and
patient-related barriers that can impact on cancer treatment accessi-
bility and utilisation [7]. Structural barriers include geographical inac-
cessibility to specialist cancer services [4,8]. Clinical factors include
things that may influence a clinician’s decision-making about potential
treatment, and include lung cancer stage and type, multimorbidity and
performance status of the patient [9], as well as unconscious clinician
bias (e.g., disparities in treatment due to ethnicity [10]). Patient factors
include personal beliefs and preferences about treatment, as well as the
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level of social support available to the patient (e.g., family, spouse, carer
support) [7]; socioeconomic factors may also play a role [11].

One factor that has been hypothesised to impact cancer treatment
receipt is marital status. Being married (or cohabiting) has the potential
to increase social support, and the availability of such support may, in
turn, influence the extent to which a patient actively seeks treatment, or
is willing to undergo treatment which may come with risk of significant
side-effects or toxicities. Marital status may also influence other factors,
such as clinical decision-making, for example due to, clinician bias
which reflects the interaction between social support and health as
complex and multi-faceted. Previous research has shown that married
individuals tend to have better self-assessed health compared to un-
married individuals. The reasons for this are complex [12], but married
individuals are thought to have greater access to psychological and
economic resources, as well as social resources - known as the marital
resource model [13]. Having greater economic resources may also in-
crease a patient’s likelihood to accept treatment, especially in settings
where healthcare is not universal or free at the point of delivery and
insurance or sufficient economic resource is necessary. More psycho-
logical resources may increase resilience and/or ability to tolerate
treatment and through having a partner this is strengthened. Evidence
also indicates that married individuals have greater subjective health
states, lower incidence of mental and physical health conditions, and
greater life expectancy [14,15]. The protective effects of marriage have
also been shown to improve quality of life scores [14].

The mechanisms and associations related to these potential positive
outcomes warrant further investigation particularly within the context
of lung cancer treatment disparities. From a cancer context, prior studies
have investigated the association of marital status on lung cancer sur-
vival, suggesting better outcomes for married, rather than unmarried,
patients [16-18]. Despite this research, there is no systematic summary
that seeks to bring together and critically appraise all of the complex
information concerning the relationship between marital status and lung
cancer treatment receipt. This systematic review aimed to address this
evidence gap and investigate the association between marital status and
lung cancer treatment receipt.

2. Methods

The systematic review was reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [19] (see supplementary materials).

2.1. Search strategy and study selection

A bibliographic database search was conducted using Ovid MEDLINE
and In-Process, In-Data-Review & Other Non-Indexed Citations (1946 to
June 2022), Embase (1974 to June 2022) and CINAHL (1961 to June
2022). Initial searches were conducted using variations and MeSH/
Emtree terms for marital status, lung cancer and treatments. The final
database search was conducted by a single researcher (CR).

The inclusion criteria for the review were defined by the PICOS
framework (Population, Intervention, Comparator, Outcome and Study
design) (see Table 1). Only English language full-text papers were
included with no restriction in date, geographic location of study or
study setting. Conference and poster abstracts, editorials, letters to ed-
itors, surveys, opinion papers and unpublished manuscripts were
excluded as were studies for which the full text could not be retrieved.
Additionally, studies which did not include denominator population (i.
e., they only included patients who were treated) were excluded as they
did not allow comparison of treated versus untreated. Marital status was
defined as “the condition of being single, married, in domestic partnership,
divorced and widowed” [20]. For the purposes of this review, the ‘single’
and ‘never married’ categories were classed as ‘not married’ unless
otherwise stated in the study.

The study selection process — both initial screening of citations and
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Table 1
Summary of PICOS eligibility criteria.

Population Patients diagnosed with any type of lung cancer including (but not
restricted to) non-small-cell and small-cell lung cancer; only papers

including patients aged eighteen years or above were included.

Intervention  Any intervention initiated for the treatment of lung cancer including
surgery, radiotherapy, chemotherapy, chemoradiotherapy and
immunotherapy. Studies citing a combination of interventions were
deemed eligible provided that the number of individuals receiving
each treatment type could be determined.

Interventions compared between married and not married
participants.

Lung cancer treatment receipt according to the marital status of
participants.

Retrospective or prospective observational studies that quantified
treatment receipt.

Comparator
Outcome

Study design

review of potentially eligible full text papers - was conducted by a single
researcher (MS) and checked by CR. The search results were pooled and
exported to Endnote where duplicate papers were identified and
removed before title and abstract and full-text screening was performed
according to the eligibility criteria. Papers where the eligibility was
undecided by the researcher (MS) were resolved through discussion
(CR) and, when.

required consensus with review team (LS, AT). Forwards and back-
wards citation searching were undertaken on included studies to iden-
tify additional relevant texts.

2.2. Data extraction and quality appraisal

A data extraction form was developed and piloted based on the
Cochrane good practice form [21]. The following information was
independently extracted from each study by a single researcher (MS)
and checked by CR: first author, article title, type of publication, study
aim, design, setting, inclusion and exclusion criteria. Data concerning
participant and outcomes characteristics were also extracted including
total number of participants enrolled, participant description (data
source), lung cancer type and stage, and marital status (not married,
single, divorced, separated, widowed, married and unknown). Treat-
ment factors extracted included treatment intent and treatment type.
Outcome measures extracted included adjusted and unadjusted crude
measures of the association between marital status and treatment
receipt (odds ratios (OR), 95 % confidence intervals (CI)); the raw data
needed to calculate the unadjusted association between marital status
and treatment receipt were also extracted.

All studies were independently assessed by a single researcher (MS)
for quality appraisal using a quality appraisal form based on the tool
adapted by Norris et al. [22]. The tool was based on the ISPOR checklist
for retrospective databases studies [23], revised by Norris et al. and
amended here to reflect the nature of the review question (e.g., the
exposure measure, marital status, was allocated one point for stating
married and not married and two points for further disaggregating the
data and reporting additional statuses such as divorced or widowed).

2.3. Synthesis of evidence

Extracted outcome data consisting of outcome measure, crude fre-
quencies, unadjusted and adjusted ORs and 95 % CIs for treatment
receipt (yes and no) according to marital status (married and not mar-
ried) were collated (see supplementary materials; S1). Where a study
reported further granularity of marital status (e.g., married, single,
divorced, and widowed), these were grouped accordingly into married
or not married (yes/no). Similarly, the number of participants that
received and did not receive treatment were recorded in terms of total
treatment (i.e., any treatment, singly or in combination), surgery,
radiotherapy, and chemotherapy receipt by marital status.

Where percentages or frequencies by marital status for the treatment
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outcomes were not overtly present these were calculated from data re-
ported in the paper. Although some studies did provide ORs with 95 %
CIs for the association between marital status and treatment receipt,
computed unadjusted ORs were utilised for all studies to ensure con-
sistency. The computed unadjusted ORs with 95 % ClIs, for each cate-
gory, were pooled as forest plots. Meta-analyses were performed using
random-effects, Mantel-Haenszel methods. These assessed the likeli-
hood of (i) treatment receipt and (ii) treatment receipt by marital status
(married/not married). Eligibility criteria for studies to be included in
the meta-analysis were as follows: married and not married data for one
treatment outcome (yes/no) and an independent sampling frame (no
data overlap with another study and where overall treatment reports no
double entry of participants into more than one treatment group).

Study characteristics were summarised, and risk of bias assessment
was conducted, for all papers. For the meta-analysis, only independent
populations were included. Where papers included study populations
from the same database which overlapped in terms of time period and
cancer type, the study reporting the greatest number of participants was
included. For treatment outcome. random effects meta-analysis was
conducted for the following outcomes: overall treatment, chemo-
therapy, radiotherapy and surgery. It was decided a priori that if at least
two independent papers reported a specific treatment, pooled effect
estimates would be computed. The I? and Tau? statistics were calculated
to estimate the degree of statistical heterogeneity [24]; statistical ana-
lyses were conducted using RevMan 5.3.
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3. Results
3.1. Search results

The database search identified 837 citations; 195 were duplicates
and were removed. The titles and abstracts of the remaining 663 papers
were screened yielding 39 potential papers for inclusion. After full-text
review, 14 papers fulfilled the review inclusion criteria. Hand searching
of reference lists yielded a further two papers for inclusion as did for-
wards searching. Overall, 18 papers [25-42] were included in the re-
view. The primary reason for exclusion at full-text stage are outlined in
Fig. 1.

3.2. Study characteristics

All studies utilised USA data sources with the majority (n = 9) using
the Surveillance, Epidemiology, and End Results (SEER) database [26,
28,30,31,35,36,38,39,41,42]. Other databases used were State or
Country level registries. Studies used data from 1975 to 2016 and all
were non-randomised observational studies.

The total patient numbers included in the studies ranged from 386
[42] to 285 641 [39]. A range of lung cancer types were present with
non-small lung cancer being the most common [25,27,28,30,32-36,38,
39,41,42]. Regarding marital status the following categories were
stated: not married, single, never married, divorced, separated, wid-
owed, domestic partner, and married. Twelve studies only considered
‘married’ and ‘not married’ categories [25,27-29,31,32,35-39,42]. Six
studies included data for additional categories such as single, never
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Fig. 1. Study selection and exclusion according to the PRISMA statement.
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married, separated and domestic partner [26,30,33,34,40,41], although
some studies did combine categories. Treatment receipt and the corre-
sponding treatment types were recorded for all studies and included
surgery (14 studies), radiotherapy (9 studies), chemotherapy (8 studies)
and chemoradiation (1 study).

3.3. Quality appraisal and risk of bias

Quality appraisal scores ranged from 7 [35] to 16 [34] out of a
possible 17, with a mean score of 12 (see supplementary materials).
Issues associated with data sources, study populations, data presented as
patient numbers, statistical tests and discussion of findings were
generally well addressed. Lower scoring questions pertained to statisti-
cal analysis to determine association between marital status and treat-
ment receipt (e.g., ORs); this analysis was present in less than half of the
studies [25,27,32,34,36,38,42]. Similarly, whether an adjusted analysis
was performed and if a list of confounding factors was presented was
mixed (complete in six studies, incomplete in three studies and absent in
nine studies).

3.4. Data synthesis

The meta-analysis included data from nine studies, the reasons for
exclusion from the meta-analysis included overlap of data sources due to
use of the SEER database to avoid duplication of data from the same
populations within the calculations (n = 8) [26,28,30,31,36,38,39,41],
and overlap of outcomes within a study i.e., unable to distinguish
participant categories to facilitate OR to be calculated (n = 1) [32].

For chemotherapy, four studies reported positive association of
treatment receipt by marital status [29,32,33,40]. Two studies were
eligible for meta-analysis [29,40]. The pooled OR for receipt of
chemotherapy in those married compared to not married was 1.40 (95 %
CI 1.35-1.44; 12 = 82 %; Tau 2_-0.00 (Fig. 2). Six studies reported the
association of radiotherapy treatment receipt by marital status [25,27,
29,33,37,40]. Four studies were eligible for meta-analysis [25,29,37,
40]. The pooled OR for receipt of radiotherapy in those married
compared to not married was 1.29 (95 % CI 0.96-1.75; P =100 %; Tau
2= 0.09; four studies) (Fig. 3).

For surgery, eight studies reported the association of treatment
receipt by marital status [27,29,32-34,37,40,42]. Five studies were
eligible for meta-analysis [29,34,37,40,42]. The pooled OR for receipt of
surgery in those married compared to not married was 1.41 (95 % CI
1.31-1.52; P =86 %; Tau 2 _ 0.00; five studies) (Fig. 4). Concerning
overall (i.e.,, any) treatment, ten studies reported the association of
treatment receipt by marital status [25,27,29,32-35,37,40,42]. Six
studies were eligible for meta-analysis [25,27,33-35,42]. The pooled OR
for overall treatment receipt in those married compared to not married
was 1.43 (95 % CI 1.14-1.79; F = 82 %; Tau 2 = 0.07; six studies)
(Fig. 5).

4. Discussion
This is the first systematic review and meta-analysis which has

investigated the association between marital status and lung cancer
treatment receipt. Overall, the findings show that there are statistically
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significant differences in overall treatment receipt with married in-
dividuals being 20 % more likely to receive lung cancer treatment.
Similar findings - where people married people are more likely to be in
receipt of treatment compared to unmarried people - were observed for
different treatment approaches to lung cancer, with surgery having the
greatest strength of association (albeit based only on four studies).

The potential “protective effects” of marriage in the context of cancer
more broadly have been demonstrated through several studies exploring
the association with earlier stage cancer diagnosis and increased sur-
vival [17,43,44]. The finding here that lung cancer treatment receipt is
associated with marital status is consistent with previous studies
reporting a positive association between being married and lung cancer
survival [16-18]. Similar findings in survival have been observed with
other cancers [45-49], suggesting that marital status is an important
demographic consideration when thinking about cancer treatment out-
comes. Our findings suggest that the observed differences in treatment
receipt by marital status could potentially help explain - at least in part -
why people who are married have better cancer outcomes compared to
people who are not married.

Other work has reported that it is possible that marriage increases
the likelihood of a patient receiving a more aggressive cancer treatment,
but the mechanism for this remains unknown [46,50-52]. One possible
explanation is that lung cancer diagnosis and staging are prerequisites
for treatment receipt, and therefore these factors warrant further
investigation through the lens of marital status. Most lung cancer
treatments are dependent on stage with people presenting at later stages,
particularly older people with multimorbidity, less likely to receive
curative treatment [53]. Although the results in this review do not
consider lung cancer stage, it is possible that the findings for the
observed positive association between marriage and treatment receipt
could be explained, to a degree, by cancer stage at diagnosis. Indeed, a
previous meta-analysis demonstrated that married patients were less
likely to present with metastatic lung cancer (OR 0.93, 95 % CI
0.91-0.95; P < 0.05), and this association remained significant after
adjusting for patient demographics [54]. However, if this was to explain
the effect seen in this review, research to explore why married patients
are more likely to be diagnosed with less advanced disease would be
urgently warranted.

Future research employing statistical approaches which seek to
distinguish between direct and indirect effects of marital status on sur-
vival would be valuable; stage could usefully be incorporated into these
analyses.

It would also be beneficial if further studies were able to stratify the
lung cancer treatment according to lung cancer type and stage, as well as
considering other potentially important confounding variables, such as
socioeconomic status and multimorbidity which, in other contexts, have
been shown to be associated with marital status [55-57].

Several social and psychological theories have been postulated to
explain the perceived protective effects of marriage which may help to
explain the findings of the review. Marriage can augment an individual’s
social support network [58], and therefore may directly or indirectly
impact treatment receipt outcome. It is possible that marriage could
influence clinical decision making - either consciously or unconsciously -
leading to potential bias. For example, a clinician may perceive a mar-
ried patient may be more likely to be able to travel to and from hospital

Married Not married Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chen 2021 83775 146391 61976 127669 53.3% 1.42[1.40, 1.44] |
Tannenbaum 2015 31854 82881 19183 61398 46.7% 1.37 [1.34, 1.40] m}
Total (95% CI) 229272 189067 100.0% 1.40 [1.35, 1.44] )
Total events 115629 81159 . .

Heterogeneity: Tau? = 0.00; Chi? = 5.43, df = 1 (P = 0.02); I = 82%
Test for overall effect: Z =21.09 (P < 0.00001)

, ,
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Fig. 2. Forest plot showing odds ratio for chemotherapy treatment in married patients compared to those who are not married.
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Married Not married Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chen 2021 66519 146391 56354 127669 26.6% 1.05[1.04, 1.07] .
Ou 2009 717 1854 467 1503 25.1% 1.40[1.21, 1.62] -
Quinones-Avila 2021 179 508 127 396 21.7% 1.15[0.87, 1.52] ™
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Heterogeneity: Tau? = 0.09; Chi? = 985.91, df = 3 (P < 0.00001); 12 = 100% =0_0 ” 0? ? . 1=0 . 001

Test for overall effect: Z = 1.67 (P = 0.09)
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Fig. 3. Forest plot showing predictive treatment receipt odds for radiotherapy treatment in married patients compared to those who are not married.
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Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chen 2021 39313 146391 27485 127669 45.8% 1.34[1.31, 1.36] |
Cykert 2011 160 246 81 140 2.8% 1.36 [0.89, 2.07] A
Jiang 2017 429 561 242 380 5.8% 1.85[1.39, 2.47] -
Ou 2009 21 1854 12 1501 1.0% 1.42[0.70, 2.90] ]
Tannenbaum 2015 22424 85632 12472 63309 44.6% 1.45[1.41, 1.48] L
Total (95% Cl) 234684 192999 100.0% 1.41 [1.31, 1.52] 0
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Fig. 4. Forest plot showing predictive treatment receipt odds for surgical treatment in married patients compared to those who are not married.

Tx less likely in married Not married Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Berry 2018 9581 10585 7442 8850 19.4% 1.81[1.66, 1.97] -
Cykert 2011 160 246 81 140 11.6% 1.36 [0.89, 2.07] T
Jatoi 2007 3126 4457 901 1441 18.8% 1.41[1.24, 1.59] it
Jiang 2017 429 561 242 380 15.1% 1.85[1.39, 2.47] -
Jiang 2021 39064 69243 25185 47645 19.9% 1.15[1.13, 1.18] -
Quinones-Avila 2021 179 508 127 396 15.3% 1.15[0.87, 1.52] ™
Total (95% CI) 85600 58852 100.0% 1.43[1.14,1.79] <
Total events 52539 33978
Heterogeneity: Tau? = 0.07; Chi = 111.90, df = 5 (P < 0.00001); 1> = 96% 50_01 0?1 1=0 100=

Test for overall effect: Z=3.11 (P = 0.002)
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Fig. 5. Forest plot showing predictive treatment receipt odds for any overall treatment in married patients compared to those who are not married.

for multiple treatment appointments (e.g. for chemotherapy or radio-
therapy) or tolerate a specific treatment (such as chemotherapy, which
can be associated with challenging side-effects) due to having readily-
available support. It has also been suggested that the health behaviour of
an individual can be influenced by marital status; for example, people
who are married may seek healthcare in a more timely fashion leading to
an earlier diagnosis, thereby increasing the likelihood of receiving
certain treatments. Additionally, a spouse may act as an additional in-
formation source, providing vital information about the benefits and
potential harms of treatment and, in turn, enhancing the patient’s own
health literacy when making decisions about whether to receive treat-
ment. Thirdly, a spouse may enhance a patient’s motivation in seeking
treatment through a stronger will to overcome their disease due to re-
sponsibilities to their spouse and higher levels of fulfilment [58].
Exploration of these possible mechanisms lend themselves to further
research most likely utilising realist or qualitative approaches to better
understand how marital status impacts on treatment decisions making.
It is likely the clinical implications of how marital status influences
treatment decision making will not be known until further work has
been conducted. In the interim, however, it would be prudent for cli-
nicians to acknowledge the findings of this work and consider the po-
tential for (unconscious) bias by tailoring their consultations and
discussions to ensure unmarried patients have every possibly opportu-
nity to access treatment.

Another important finding from this review was that all the data

from the included studies were from the USA, particularly the SEER
database, and as such, the generalizability of conclusions drawn to pa-
tients outside the USA must be questioned. The USA health system is a
mix of public and private providers; often private health insurance is
linked to employment and/or marriage, with those who are not married
less likely to have insurance cover (and therefore the means to treatment
for many) compared to those who are married [59]. Despite this, there is
evidence of an similar inequality by in receipt of treatment for other
cancers by marital status from elsewhere including Ireland, which also
has a mixed private and public health system [48,49]. It is plausible that
healthcare systems have some influence in the role of marital status in
cancer treatment however this does not completely explain the observed
findings and highlights the need for further investigation in such a way
that system and cultural factors are considered.

The study does have several limitations. First, there are challenges
comparing studies reporting different treatments and treatment combi-
nations with no consistent method used, for this reason ‘overall treat-
ment’, meaning treatment of any kind was considered. We acknowledge
that some of the Forest Plots contain few studies due to heterogenicity in
the reporting of relevant data, so some care should be taken in inter-
pretation. Secondly, the OR were determining from the raw treatment
uptake data and, as such the multivariate models where not included in
our meta-analysis. This is particularly relevant given the SEER database
has been shown to underrepresent people from minority populations
[60]. Furthermore, in the meta-analysis we were not able to consider
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marital status in any degree of granularity; for example, if someone was
widowed, divorced, or never married. Similarly, it may be beneficial for
future studies to explore the relationship of marital status and treatment
receipt at a population level for people in same-sex relationships, as
there could be more nuanced findings which could unearth new treat-
ment inequalities within this field. Additionally, we do acknowledge
that marriages are likely to vary considerably in terms of the social,
psychological and economic support they provide. Moreover, marital
status is not a direct measure of social support which means that
misclassification is likely. As such, future work may wish to explore
direct measures of social support and whether an association with
marital status persists in this context, or the role in treatment
decision-making or other factors that are often related to marriage (for
example, other familial responsibilities such as being a parent). Finally,
recent years has seen an explosion in biological therapies and immu-
notherapies for a range of cancers, including lung cancer, but none of the
studies reported on these treatments. Recent work has reported strong
socio-economic inequalities in these treatments [22,61]; investigation of
whether inequalities by marital status are also present for these treat-
ments is warranted.

4.1. Conclusion

People who are married are significantly more likely to receive lung
cancer treatment compared to people who are not married. This obser-
vation was found across all aspects of lung cancer treatment, including
chemotherapy, radiotherapy, and surgery, but the number of indepen-
dent studies was limited and all data, to date, are from the USA. The
reasons for this are unknown and require further investigation to better
understand the “mechanisms” behind the potentially protective effects
of marriage in the context of lung cancer treatment.
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